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APPENDI X- C

d ossary of Acronyns

AAL -Al | owabl e Anbient Limt

A C -Acute and Chronic Toxicity (one of four health effects
cat egori es)

ACG H - Anerican Conference of Governnental |ndustrial
Hygi eni st's

ADI -Acceptabl e Daily Intake

ANSI -Anmerican National Standards Institute

C -Carcinogenicity (one of four health effects
cat egori es)

Cal DHS -California Departnent of Health Services

CAG - Carci nogen Assessnent G oup (USEPA)

CAS - Chem cal Abstract Service registry nunber

CESARS - Chem cal Eval uation Search and Retrieval System
(M chi gan)

CHEM -Chem cal Health Effects Assessnent Met hodol ogy
(Massachusetts)

alT -Chem cal Industry Institute of Toxicol ogy

CNS -Central nervous system

DAQC -Division of Air Quality Control (of the Massachusetts
DEQE)

DEP - Massachusetts Departnent of Environnental Protection

DR - Devel opnent al / Reproducti ve Toxicity (one of four

health effects
cat egori es)

EPA -United States Environnmental Protection Agency (USEPA)
FDA -United States Food and Drug Adm ni stration (USFDA)
GENE- TOX - Genetic Toxicol ogy Program ( USEPA)

HRG -H gh R sk G oup

| ARC -International Agency for Research on Cancer

| CPEMC -International Comm ssion for Protection Agai nst

Envi r onnment al
Mut agens and Car ci nogens
| RLG -1 nteragency Regul atory Liaison G oup
LAC -lifetime average concentration (exposure concentration
calculation in quantitative dose-response
assessnent)

LAD -lifetime average daily dose (dose cal culation for
guantitative dose-response assessnent)

LOAEL -l owest observed adverse effect |eve

LOEL -overall | owest observed effect |evel (from conpleted

assessnent of all devel opnental /reproductive
toxicity studies used in devel opnental/reproduction
toxicity category only)

LOEL* -l owest observed effect |evel when only one dose used,
or no dose-response observed (used only in
devel opnent al / reproductive toxicity category)

LOELs -l owest observed effect level in a single given study
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(used only in devel opnental /reproductive toxicity

cat egory)

M -Mutagenicity (one of four health effects categories in
CHEM

MACOL -Most Appropriate QOccupational Limt (in Chem

MID -maxi mum tol erated dose (in carcinogenicity testing)

NAS - Nati onal Acadeny of Sciences

NCAB -Nati onal Cancer Advisory Board

NCI -National Cancer Institute

ND -No Data (in CHEM and AAL net hodol ogi es)

NESHAP -National Em ssion Standard for Hazardous Air
Pol | utants

NI EHS -National Institute of Environnental Health and Safety

NI OSH -National Institute for Cccupational Safety and Health

NLM -National Library of Medicine

NRC -National Research Council (of the NAS)

NTP -National Toxicol ogy Program (formerly NCl)

NTEUF -non-threshol d effects uncertainty factor (uncertainty
factor applied in AAL derivation procedure)

NTEL -nont hreshol d effects exposure limt

QAQPS -EPA O fice of Air Quality Planning and Standards

ORS -Ofice of Research and Standards (Massachusetts DEQE)

OSHA -Cccupational Safety and Health Adm nistration

OSTP -Ofice of Science and Technol ogy Policy

OTA -Ofice of Technol ogy Assessnent

PCB - pol ychl ori nat ed bi phenyl

PEL -Perm ssi bl e Exposure Limt (OSHA occupational limt)

ppb -parts per billion

ppm -parts per mllion

Rf D -risk reference dose (fornerly Acceptable Daily Intake
- ADI)

RR -risk ratio (used in devel opnental /reproductive
toxicity category)

RTECS -Registry of Toxic Effects of Chem cal Substances (a
NIl OSH dat a base)

SAR -structure-activity-relationship anal ysis

TEL -threshol d effects exposure limt

TEUF -threshol d effects uncertainty factor (applied in AAL
derivation procedure)

TLV -threshold limt value (ACAH occupational limt)

TOX -toxic effects uncertainty factor applied for
i nadequate toxicity data in AAL derivation procedure

TRL -target risk leve

TSCA - Toxi ¢ Substances Control Act
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| nt r oducti on

A. Background

The Chemi cal Health Effects Assessnent Mt hodol ogy and
the Method to Derive Al owabl e Anbient Limts (CHEM AAL) was
distributed as a draft for external review in June 1985. The
docunent and net hodol ogy were devel oped by the O fice of
Research and Standards and the Division of Air Quality
Control of the Departnment of Environnental Protection (The
Departnent) as the heal t h-based conmponent of an Air Toxics
Program

In response to the comments received during the 1985
review, several inportant changes were nmade to CHEM AAL. The
princi pal change was to use quantitative dose-response
assessnment directly in the derivation of allowabl e anbi ent
limts for carcinogens. The use of quantitative
dose-response assessnent for purposes of scoring is described
in CHEM and the use of cancer unit risk in deriving the AAL

is described in Part 111, the Method to Derive Allowable
Anbient Limts. The qualitative assessnment of carcinogenicity
is also described in CHEM (Part |1, section D). The purpose

of this Appendix is to describe in detail the procedures used
for quantitative dose-response assessnent for carcinogens.

B. Reasons for Changes in CHEM AAL

In the draft version of CHEM AAL (DEQE, 1985) an AAL for
carci nogens and nut agens was determ ned on the basis of
uncertainty factors applied to a selected occupational limt.

The original toxic effects uncertainty factors were applied
to chemcals with data indicating carcinogenic or nutagenic
effects. The AAL resulting fromthis approach was criticized

during the review process because: (1) the cancer risks
D1



cal cul ated at the AAL concentration (using unit risk val ues
cal cul ated by the Carcinogen Assessnment G oup [ CAG of the
EPA O fice of Health and Environnmental Assessnment) were high
in sone cases; and (2) there were exanples of a |ack of

i nternal consistency such that one chem cal would have an AAL
whi ch was | ower than anot her chem cal which is suspected to
be a nore potent carcinogen. Sonme exanples of cancer risk
cal cul ati ons based on the 1985 draft AALs are shown in Table
D-1. The estimated cancer risks are conpared to the AALs (1
x 10°° now adopted by the Departnent.

Two factors contributed to the variability in calcul ated
risk. O major inportance in this regard was the way that
the occupational |limts addressed carcinogenicity. 1In sone
cases the threshold Iimt value (TLV) set by ACGH is based
on chronic toxicity only and does not account for
carcinogenicity (e.g., carbon tetrachloride, chloroform.

The stated reasons for making no adjustnent in these two
cases and several others suggest that ACAH (1) considers
carcinogenesis to exhibit a threshold in sone cases; (2)
does not consider nouse liver tunors to be relevant in sone
cases; and, (3) does not consider gavage exposure in animal
experimants to be relevant to occupational inhalation
exposure in sone cases. These conclusions are inferred from
the statenents made in the TLV docunentation (ACAH, 1986)
but are not stated explicitly as a policy of ACAH. In other
cases the TLV is reduced by a factor of 100-1000 fromthe
apparent no effect level for chronic effects to "account for"
carcinogenicity. The recently published procedures for
carcinogen identification (Spiritas et al., 1986) fromthe
ACA H TLV conmittee states that "Traditionally, the decision
has been to take the | owest |evel known to induce cancer in
experinmental aninmals and divide by an arbitrary factor, such
as 100 or 1000". An exam nation of the TLV docunentation

suggests that this approach has not been used consistently
D2



Tabl e D-1.

Concentrations (6-85).

Excess Lifeti me Cancer

Ri sk at Fornerly Proposed AAL

CAG Fornmer Cancer

Cheni cal Unit Risk?! AAL? at former AAL
(ug/ n?) ! (ug/n?) (per nmillion)

Benzene 8. 1x10°° 4.1 34

Beryl |ium 2.4x10°3 0. 007 16

1, 3- But adi ene 2.9x10* 3.0 870

Cadmi um 1.8x103 0. 005 9

Chr omi um VI 1.2x10°? 0. 001 12

Carbon Tetrachloride 1.5x10° 8.2 120

Chl or of orm 2.3x10°° 13.6 320

1, 2-di chl or oet hane 2.6x10° 0. 54 14

PCB 2.2x10°3 0. 001 1.

Vinyl chloride 2.6x10°° 0. 27 0.

Vinylidene Chloride  5.0x10°° 10. 9 550

! Unit risk values devel oped by the EPA Carci nogen Assessnent

G oup.
2

CURRENT VAL UES.

D-3
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and that other factors play a role in setting occupational
limts for carcinogens. Even if this procedure were used
consistently, the resulting risks would be high for
continuous environnmental exposure. 1In a typical aninal
carcinogenicity bioassay, the | owest detectable increase in
tunmor incidence is about 10% Using |inear extrapolation,
the reduction of this dose by 1000 still results in an excess
lifetime risk of 10°* or one in ten thousand.

A second inportant cause of the variability in the
cancer risk calculated at the previously proposed AAL is the
guantity of data avail able and the application of uncertainty
factors in CHEM AAL. Total uncertainty factors applied to
the adjusted MAOL ranged from 1l to 1000 for carcinogens. In
sonme cases no uncertainty factor was applied because ACA H or
NI OSH apparently consi dered the carcinogenicity data in
deriving the occupational limt. For exanple, no uncertainty
factor was applied for carcinogenicity for chloroform In
ot her cases a total uncertainty factor of 1000 was applied to
t he adj usted MAOL because ani mal carcinogenicity was not
considered in the occupational literature.

The application of uncertainty factors in CHEM AAL and
the treatnment of chemicals by the groups setting occupational
limts were not directly related to carcinogenic potency and
did not result in a consistent level of risk at the AAL. It
m ght be possible to achieve AALs which result in a
consistent |level of risk by applying a constant uncertainty
factor to an occupational standard if a linear relationship
exi sts between carcinogenic potency and chronic toxicity, and
if the occupational [imt is a consistent nmeasure of chronic
toxicity. A strong correlation has been shown between
carcinogeni c potency and acute toxicity as neasured by LDso
(Zeise et al., 1985; Zeise et al., 1986). However, the

uncertainty associated with this correlation was greater than
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1 order of nmagnitude. A prelimnary exam nation of the

chem cal s eval uat ed usi ng CHEM for which CAG pot ency
estimates were avail abl e suggests that a simlar relationship
may exi st between the no-observed-effect-level (NOEL) for
chronic effects derived fromthe occupational literature and
carcinogeni c potency. The uncertainty in this relationship
is likely to exceed that for acute effects because of the few
chenmi cal s assessed and the difficulty in defining chronic
endpoi nt s.

In conclusion, the Department found that it is not
possible to derive anbient limts on an uncertainty factor
basi s and expect themto be consistent when evaluated on a
cancer potency basis. Therefore, nore direct use of the
carcinogenic potency will be nmade in setting allowable limts
for air, when this information is avail abl e.

C. Cancer Potency Data

Quantitative dose-response assessnent refers to the
nmet hods used to estinmate the carcinogenic potency and unit
ri sk using ani mal bi oassays or hunman epi dem ol ogi cal studi es.
The carci nogenic potency is typically expressed as the risk
for a given lifetinme daily dose (usually expressed as
ng/ kg/d). This value is obtained by extrapolating the
dose-response data in animals to | ow doses and naki ng
appropriate conversions to express human risk. The
carcinogenic potency is then typically converted to a unit
risk value. The unit risk is the risk associated with
lifetime exposure to a given environnental |evel (usually
expressed as ug/nt in air or ug/L in drinking water). The
pot ency can be converted to the unit risk if information is
avai | abl e about the exposure and the absorption of the
chemical. 1In the absence of this information a unit risk can

be cal cul ated fromthe potency by maki ng assunpti ons about
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t he exposure and the absorption. For exanple, the unit risk
for inhal ation exposure is calculated by assum ng that a 70
kg person inhales 20 n? of air/day and that the chemical is
conpl etely absorbed. An air concentration of 1 ug/nTf results
in a daily dose of 1lug/n? x 20m/ 70kg x 1 ng/ 1000 ug =

0. 000286 ng/ kg/d. This value is used to convert potency to
unit risk.

A principal source of potency values is the Carcinogen
Assessnent G oup (CAG of the EPA Ofice of Health and
Environnent al Assessnent. The CAG devel ops carci nogen
assessnments in response to the needs and priorities of
vari ous EPA offices. The CAG has published carcinogenic
potency estimtes for 55 chemi cals (EPA, 1985a) and work on
approximately 150 nore is in progress (Personal comunication
- Charles Ris). The California Departnent of Health Services
(Cal DHS) has performed carcinogenicity dose-response
assessnments and cal cul ated cancer potency for six chemcals
for use in the state air toxics programand will be doing
nore in the future. Several other state agencies are
currently performng or are planning to perform cancer risk
assessnments, as a part of their regulatory activities.

Because the carcinogenicity of chemcals of interest to
t he Departnent may not have been assessed by CAG or by any
ot her qualified agency, the Departnent has devel oped the
procedures described herein to performthese assessnents. O
the 105 chem cal s assessed in the devel opnent of CHEM AAL, 43
have information avail able that could be used to estinate
potency. O these, potency values had been estimated by CAG
for 27 chemcals. To insure the ability of the Departnent to
assess chem cals as needed, it is necessary to perform
guantitative dose-response assessnment for carcinogens and to
critically assess the data and cal cul ati ons prepared by

others. The procedures by which this will be acconplished
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are contained in this Appendi x. The application of current
scientific understanding to dose-response assessnent and the
cal cul ati on of cancer potency is a technically conpl ex
process. |In many cases choi ces nust be nade anpbng severa
options that may not have solid theoretical or experinental
foundations. These decisions have been referred to as
science policy (Cal DHS, 1985), or as risk assessnent policy
(NRC, 1983), and require a conbination of factual information
and professional judgenent. Many points in the risk
assessnment process generally and in quantitative
dose-response assessnent in particular, require science
policy decisions, and the choices that are made have a | arge
i npact on the outconme of the analysis. For exanple, there is
sone evidence that a chem cal causing cancer in one species
wi || cause cancer in other species if adequately tested.
However, since it is not known a priori that a particular
chem cal which causes cancer in animals is a human
carcinogen, this is generally presuned to be the case as a
matter of science policy so that animal experinents can be
used in risk assessnment for humans.

Sci ence policy decisions range fromthose that have
strong experinmental support such as the presunption that a
carcinogen in one species will be active in another, to those
that have little experinental and theoretical support, such
as the choice of mathematical nodel for |ow dose
extrapol ation, or the method used to scal e doses between
species. Sone of these decisions are nade because there is a
need for a consistent approach rather than because there is a
clear scientific basis for the decision in a given case. 1In
fact, each point at which a science policy decision nust be
made represents an issue which is the subject of ongoing
scientific exploration. Not surprisingly, these are al so
areas of controversy and contention in the application of

ri sk assessnment to environnental regulation. The purpose of
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this Appendix is to describe in detail the nethods presently
used by the Departnent to perform dose-response assessnent

i ncl udi ng cal cul ati on of carcinogenic potency and unit risk
val ues, and to specify to the extent possible the science
policy options that will be used in that cal cul ation.

D. Basis for the Procedures

The basis for nmuch of the current discussion about risk
assessnment derives fromthe National Research Council report
(NRC, 1983), which distinguishes risk assessnment, "the use of
the factual base to define the health effects of exposure”,
fromrisk nmanagenment which is "the process of weighing policy
alternatives and sel ecting the nost appropriate regul atory
action, integrating the results of risk assessnment with
engi neering data, and with social, economc, and political
concerns to reach a decision.”™ The NRC report defines risk
assessnment as consisting of four steps: hazard
identification; dose-response assessnment; exposure
assessnent; and, risk characterization. The discussion in
this Appendi x is concerned exclusively with dose-response
assessnent .

The scientific background of the process of
carci nogenesi s has been the subject of two recent reviews
(OSTP, 1985; Cal DHS, 1985). The Ofice of Science and
Technol ogy Policy report (OSTP, 1985) was witten by senior
scientists fromseveral federal regul atory agencies together
with a large group of experts in the disciplines reviewed.
The California guidelines (Cal DHS, 1985) were devel oped over
several years by agency scientists with the participation of
a group of experts in carcinogen risk assessnent. These
reviews provide a broad discussion of the current state of
scientific understanding of many aspects of the carcinogenic

process and the role of chemicals in that process.
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On the basis of current understandi ng of chemi cal
carcinogenesis and the factual information reviewed by OSTP
Cal DHS, and others, and within the franmework provided by the
NRC report, several agencies have produced guidelines to be
followed in performng risk assessnment for chem cal
carcinogens (OSTP, 1985; Cal DHS, 1985; EPA, 1986; Mass DPH
1988). These guidelines are designed to pronpte consistency
in the performance of risk assessnment for chem cal
carcinogens, and to clarify for the interested public the
procedures used in risk assessnment. These guidelines
constitute a statenent of recomrendations regarding the
sci ence policy choices which are to be made at various points
in the process of risk assessnent. They vary in their
conprehensi veness and flexibility but are designed to retain
flexibility with regard to procedures in order to acconmodate
speci al cases or specific applications and to all ow
i ncorporation of new data, new nethodol ogies, or a new
consensus of opinion. The guidelines reflect a consensus on
the part of environnental scientists and regulators with
regard to many of the policy decisions needed for carcinogen
ri sk assessnent. This consensus has resulted from an
i n-depth assessnment of the avail able data by qualified
scientists, current theories about chem cal carcinogenesis,
and the effect of the different options on the outcone. 1In
general , such consensus represents the phil osophy of
regul atory agencies to act conservatively when there is a
| ack of scientific data or a strictly scientific basis to
choose one option over another. The approaches recomended
in these guidelines are considered by the Departnent to be
t he best approach given the currently avail able data, and are
the basis for the procedures described herein.

I n devel oping its procedure for dose-response assessnent

of chem cal carcinogens, the Departnment has relied heavily on
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t he background provided by the OSTP (1985) and Cal DHS (1985)
reports and on the guideline reconmendati ons of the EPA
(1986) and Cal DHS (1985). In particular the EPA guidelines
have been foll owed cl osely.

E. Need for a Statenent of Procedures

In the context of the Air Toxics Programthe Departnent
has el ected to devel op a standardi zed approach to the
assessnent of health effects of each chemi cal of interest.
This procedure is intended to represent a specific approach
to the assessnment of carcinogens which is at once consi stent
with scientific fact and with generally accepted science
policy, and also tailored to the specific needs of the
Department. Using this approach, the Departnent can proceed
expeditiously within the constraints of avail abl e resources,
and at the sane tinme, provide a consistent approach to the
dose-response assessnent of carcinogens. This will allow
tinmely assessnent of chem cals which are of interest to the
Department while maintaining the scientific credibility of
t he procedure.

Li ke the approach to health effects assessnent used in
CHEM the procedure for carcinogen dose-response assessnent
is designed to be a reasonable alternative to the extensive
eval uati ons performed by sone other agencies. One such
approach, used by the EPA, Cal DHS, and others, involves
gathering and reviewi ng a broad range of background
information as part of a cancer risk assessnment. Information
on chem cal properties, sources, exposure, acute and chronic
effects, nmetabolismand kinetics, short-termtests, and human
and animal carcinogenicity data are reviewed. After
consideration of all relevant data a dose-response assessnent
i s perforned.
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An alternative approach to carci nogen dose-response
assessnment is the use of conputerized data bases of
carcinogenicity bioassay data, and application of a single
uni form approach to dose-response calculation to all studies,
with no critical evaluation of biological or technical
factors (CGold et al., 1984; Peto et al. 1984; Crouch and
Wl son, 1979). The procedures selected by the Departnent are
considered to be a reasonable m ddl e ground between the two
approaches outlined above.

Because the procedures described herein were designed to
fit the specific needs of the Departnment, this Appendix is
necessary in order to define in detail the particular science
policy and technical considerations which will be used. The
procedures represent a standard approach applicable to al
chemi cals that have sufficient data to performa quantitative
dose-response assessnment. The limts of the analyses to be
performed and the extent of the data review that will be
routi nely undertaken by the Departnent are discussed, as well
as the circunstances under which the standard approach may be
augnented by additional data and anal ysis when avail abl e.
Thi s Appendi x provides the details of the technical approach
and policy decisions to be used by the Departnent.

Quantitati ve Dose- Response Assessnent Procedures

A. Qualitative Assessnent

The qualitative assessnent of carcinogens consists of a
consideration of the overall weight-of-evidence, and an
eval uation of the likelihood that the chem cal is a human
carcinogen, based on all relevant data. This assessnent is
termed hazard identification in the NRC term nology. The
procedure used by the Departnent is explained in CHEM Part

1, Section D (3a), Qualitative Evidence. The classification
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schenme for the weight-of-evidence is adapted fromthe EPA
Gui del i nes (EPA, 1986). The evidence from hunman
epi dem ol ogi cal studies and from experinental animal studies
is reviewed, evaluated separately, and classified as
sufficient, limted, or inadequate. The conbination of
ani mal and human evidence is used to classify chemcals into
G oup A-Human Carci nogen, G oup B-Probabl e Human Carci nogen,
G oup C Possi bl e Human Carci nogen, Group D-Not O assifiable
as to Human Carcinogenicity, Goup E-lnconclusive Evidence,
G oup F-Nonpositive Evidence of Carcinogenicity, or No Data
(chem cal not tested). Although the weight-of-evidence
classification does not play a direct role in the
guantitative dose-response assessnent, it is indirectly
involved in determ ning the use of carcinogenic potency data.
For exanple, the EPA guidelines state that chemicals in
"Groups A and B woul d be regarded as suitable for
guantitative risk assessnent”, while agents "in Goup Cwll
generally be regarded as suitable for quantitative risk
assessnment”, but this should be decided "on a case-by-case
basi s" (EPA, 1986).

Some EPA offices and State agencies have elected to
cal cul at e carci nogenic potency for chemcals in group A and
B, but not for Goup C. QOher agencies have elected to use
t he wei ght-of -evi dence classification to determ ne the
acceptable risk level, with Goup A being regulated at a
| ower risk level than Group B. After considering these
approaches, the Departnent elected not to use either nethod
because the validity and accuracy of a cal cul ated
car ci nogeni ¢ potency val ue do not depend directly on the
wei ght - of - evi dence. Rather, the validity of a potency val ue
depends on the biological relevance and techni cal adequacy of
the data used to calculate the potency. The factors to be
considered in determ ning whether a unit risk value will be

used are described in section Il1.C. The Department wll
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generally foll ow the EPA guidelines as cited above and
perform dose-response assessnment for chemicals in Goups A

B, and C. However, for all chem cals and data sets, the
adequacy of the data for dose-response assessnent will be
eval uated on a case-by-case basis using criteria discussed in
section I1.C. of this Appendi x.

B. Sources of Data

The principal source of information for quantitative
dose-response assessnent is the Carci nogen Assessnent G oup
(CAG of the EPA Ofice of Health and Environnent al
Assessnent. The EPA perfornms exhaustive assessnents of al
rel evant data including acute/chronic toxicity, mutagenicity,
phar macoki neti cs, netabolism animal carcinogenicity and
human epi dem ol ogy, and the CAG uses these data to estinate
carcinogeni c potency. The carcinogenic potency is typically
converted to a unit risk, which is the risk at a defined unit
| evel of exposure. For air exposure, the unit risk is
expressed as the estinmated excess lifetime cancer risk from
lifetime exposure to one m crogram of the chem cal per cubic
meter of air. The CAG has estimated unit risk values for
approximately 55 chemcals to date (EPA, 1985a) and there are
150 nore evaluations in progress (Charles Ris-Personal
Comuni cation, 5/87). The CAGw Il continue to be the
primary source of unit risk values for the Departnent. CAG
unit risk values are reviewed by the Departnent and will be
used as recomrended by CAG with few exceptions.

Exceptions to the use of CAG unit risk values occur for
three possible reasons. First, the CAG val ue may have been
cal cul ated and published as part of the 1980 Anbi ent Water
Quality Criteria Docunents. The procedure used in these
assessnments may not be relevant for air toxics, my be

i nconsistent with current EPA guidelines, or with the
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criteria adopted by the Departnment as described in this
docunent, and nay therefore not be appropriate for use (e.g.,
ethyl acrylate). Second, the Departnent may di sagree with a
CAG eval uation and decline to use the CAG unit risk val ue.
For exanple, the Departnment does not agree with the CAG use
of human retention data in the unit risk calculations for
trichl oroet hyl ene (EPA, 1985c) and tetrachl oroet hyl ene (EPA,
1985b, 1986), and has revised the unit risk val ues
accordingly. Third, in some cases, the unit risk val ues
bei ng devel oped by CAG are prelimnary and not yet final or
peer-reviewed. The Department will not usually use CAG unit
ri sk values that have not been formally rel eased by the EPA
For exanple, unit risk values for acetal dehyde and

1, 2-di chl oropropane were obtained in a tel ephone conversation
with CAG staff. Neither was adopted for use by the

Depart ment because it is not clear whether the assessnents
are consistent with the criteria used by the Departnent.
Appendi x E contai ns the dose-response cal cul ati ons and
docunentation for each chem cal eval uated.

When CAG has not assessed a chem cal which is of
interest to the Departnment, assessnents from other sources
are reviewed. Various public agencies have perfornmed, or
plan to performdetailed risk assessnents as a part of
regul atory prograns. These include the California Departnent
of Health Services, Northeast States for Coordinated Air Use
Managenent, and agencies in the States of New Jersey,

Connecticut, and M chigan, anong others. It is also likely
that participation by private agencies and individuals in
the performance of risk assessnent will increase. For

exanple, scientists at the Chem cal Industry Institute for
Toxi col ogy have published a quantitative risk assessnent for
formal dehyde (Starr and Buck, 1984). As a matter of standard
procedure, the Departnment will obtain and review CAG unit

ri sk cal cul ati ons when avail able. The Departnent does not
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intend to routinely review all unit risks fromall sources
that are available for a given chemcal. However, while a
t horough risk assessnent for a single chemi cal represents a
great deal of effort, it would be a significant benefit to
the Departnent to nmake use of the work of other qualified
agencies and individuals. Therefore the Departnent wll
review avail abl e risk assessnments and will be responsive to
information submtted by interested parties, within the
constraints of avail abl e resources.

When the CAG has not evaluated a chem cal which is of
interest to the Departnent, and when an acceptabl e
dose-response assessnment is not avail able from any ot her
source, a unit risk value will be cal culated by the
Department. The remai nder of this Appendi x i s concerned
primarily with the technical details of this calculation. As
a standard procedure the Department will use data fromthe
Nat i onal Toxi col ogy Program (NTP)/ Nati onal Cancer Institute
(NCI') Carcinogenesis Bioassay Testing Program (hereafter NTP)
when avail abl e and appropriate. The NIP studies are a
preferred source of data because they conformto strict
criteria with regard to technical adequacy of experinental
desi gn and performance, and data coll ection and anal ysi s.

The NTP studies are designed and carried out in a relatively
consi stent manner, they are well-docunented, and they undergo
a detailed technical audit and expert scientific review
before being rel eased. For the chem cals assessed to date,
all unit risk values cal culated by the Departnent have been
based on NTP studies, with the exception of the unit risk for
acet al dehyde whi ch was based on a study by Wutersen et al
(1986), and formal dehyde (CII T rat study, 1983).

The Departnent will retain the option to use other
sources of data for quantitative dose-response assessnent.

St udi es whi ch have undergone scientific peer review are
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preferred and the technical adequacy of a given study will be
j udged based on previously published criteria (Sontag et al.
1976; | ARC, 1980; NTP, 1984; OSTP, 1985). It is not the
intent of the Departnent to conprehensively evaluate all data
for each chemcal with regard to relevance to quantitative

dose-response assessnent. However, the Departnment will
obtain and anal yze data from avail abl e sources as warrant ed,
and will be responsive to information submtted by interested

parties, within the constraints of avail able resources.

In general the Departnent will consider quantitative
dose-response assessnents based on human studies to be
preferred to those based on aninmal studies, and will use unit

ri sk val ues based on human data when they are avail able and
are wel | -docunent ed. For exanple, the CAG dose-response
assessnment for benzene uses data from occupati onal exposure
(EPA, 1979), while the Cal DHS el ected to base its
dose-response assessnment on a draft of the NTP gavage study
(NTP, 1986) because of certain questions about the human
studies (Cal DHS, 1984). The Departnent elected to adopt the
CAG assessment because it is based on information from human
exposur es.

C. Sel ection of Data for Quantitati ve Dose- Response
Assessnent

The adequacy of the data for a given chem cal for use in
guantitative risk assessnment nust be judged on the basis of
both the overall weight-of-evidence and the technica
adequacy of the particular study. The EPA guidelines state
that chemicals in Goups A Human Carci nogen and B- Probabl e
Human Car ci nogen woul d be regarded as suitable for
guantitative risk assessnent and that chem cals in G oup
C- Possi bl e Human Carcinogen will generally be regarded as

suitable for quantitative risk assessnment, but judgenents in
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this regard may be nade on a case-by-case basis. The EPA
does not el aborate except to say that adequacy is "determ ned
by the quality of the data, its relevance to human nodel s of
exposure, and other technical details" (EPA, 1986). The
Department will take a position simlar to EPA with regard to
t he adequacy of a data set for quantitative assessnent. A
chemi cal which falls in Goup C has, by definition, produced
a statisitically significant increase in tunors in only one
species, strain, or published experinent. 1In this case, the
decision to use quantitative dose-response assessnent nust be
based on criteria other than the wei ght-of-evidence. Al so,
for chem cals producing a carcinogenic response at nmultiple
sites and/or in nmultiple species, a decision nust be made
regarding the site and species which will be used for
guantitative dose-response assessnent. These deci sions nust
al so be based on consistent criteria.

The criteria on which these decisions are based are
related to biological factors which are inportant to the
interpretation of the carcinogenic response, and to the
techni cal consistency and quality of the study. The criteria
used for these purposes are simlar to the considerations
used in performng the qualitative assessnment of carcinogens.
The EPA gui delines outline several factors which can increase
t he wei ght - of - evi dence, including "increase in nunber of
tissue sites affected...nunber of aninmal species, strains,
sexes, and nunber of experinents and doses...occurrence of a
cl earcut dose-response ...high I evel of significance
...dose-related shortening of time-to-tunor...and
dose-related increase in the proportion of tunors that are
mal i gnant™ (EPA, 1986). The EPA guidelines reiterate OSTP
principle 4 which states that agents causi ng extensive organ
damage, hornonal disruption or other "non-physiol ogical
responses...nust be carefully reviewed"” (OSTP 1985). The

EPA gui del i nes al so state that carcinogenic responses in
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animals "should be reviewed carefully as they relate to the
rel evance of the evidence to human carci nogenic risks" (EPA,
1986). Squire (1981) discussed several criteria for
eval uati on of animal cancer bioassays in order to construct a
wei ghting system for carcinogens. The factors considered by
Squire, listed in order of decreasing weight, include: nunber
of species and sites, spontaneous incidence, potency,
mal i gnancy, and results fromshort-termtests (Squire, 1981).
A wei ghting system constructed by Crunp and Co. (1986) for
t he purpose of generating a confidence index for a
guantitative dose-response assessnent incorporated the
followi ng factors: tenporal exposure pattern, |ength of
treatment, identity of test material, nunmber of treatnent
groups, nunbers of aninmals used, and other factors.

Several of the factors nentioned above are relevant to
the choice of study and tunor site that will be used for
dose-response assessnment. Because of the nunmber of different
factors involved and the varying weight ascribed to them the
deci sions nmade using these factors are not reducible to a
sinple set of logical conditions. Instead, the decisions
must be made on a case-by-case basis on the overall bal ance
of the evidence. The factors to be considered in the
deci si on about which study and site to use for quantitative
dose-response assessnment are discussed in follow ng sections.
For a chem cal in weight-of-evidence Goup C, this is
equi val ent to a decision about whether to use quantitative
risk assessnent at all, since there is only a single tunor
site for chemcals in this category. For chemcals in
wei ght - of - evi dence Group A or B, the choice of the nost
appropriate study and tunor site rests on these criteria.

1. Statistical Significance

Only tunor sites showing a significant increase in
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the incidence of malignant tunors, or a statistically
significant decrease in tinme to tunor, will be used. In
the case of NTP reports, only those sites which the NTP
considers to be significant will be used. The
Department will rely on the statistical analysis of the
study authors to determ ne statistical significance of
increases in tunor incidences. Statistical tests for

di fferences based on pairw se conparisons or on trends
will be considered to be appropriate anal yses for

bi oassay data. After careful review the Departnent wll
general ly adopt the same criteria for significance as
the original authors. (Note: there may be cases where a
tumor site is considered "significant”, even though not
nmeeting the formal statistical tests applied in these
exam nations. This does not mean that the results are
not statistically significant, but sinply that the
formal statistical tests may not be adequate for the
application. For exanple, for a site with historically
very low tunor rates, two or three tunors in a group of
50 animal s does not nmeet the usually applied criteria
for statistical significance, but this may be overrul ed
by the application of know edge about historical data
formalized by using a statistical test which

i ncorporates historical data).

Conbi ni ng Neopl asns for Eval uati on of Carcinogenicity

NTP policy states that benign and mali gnant
neopl asns of the sanme cell origin should be anal yzed
both separately and in conbination. The sanme applies to
neopl asns havi ng the sane hi stogenesi s but show ng
di fferent norphologic or cellular features (MConnell et
al., 1986). Since the carcinogenic evaluation of any
gi ven chem cal may differ depending on whether and how

neopl asns are conbi ned, and since tunor formation is
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only one of nmany responses caused by chemcals in
mammal s, it is inportant to | ook at tunor formation in
the context of the study results as a whole. For
exanple, in a given study, tunors originating fromthe
sanme cell type in treated aninmals nay be statistically
significantly increased when conbi ned, but nmay not show
a statistically significant increase when anal yzed
separately. |In evaluating such a study, the sane
results mght be considered positive in the first case,
and non-positive in the latter case. Conversely,

conmbi ning tunors may mask a possi bl e carcinogenic effect
whi ch woul d be apparent if benign and malignant tunors
are eval uated separately. Conbi ning neoplasns in such
cases could result in a fal se-negative eval uation

Since regulatory action is often based on the results of
carcinogenic evaluation, it is inportant to carefully
consi der each case, and to use all of the data presented
i n maki ng deci si ons about whether and when it is
appropriate to conbi ne neopl asns.

The NTP has published criteria for conbining
neopl asns based on the foll ow ng:

"(a) Substantial evidence exists for progression of
beni gn to mali gnant

neopl asns of the sanme hi st onor phogenic type.

Progression is considered nore inportant if

denonstrated within the study in question than if

conpari sons nust be made with past experience

(al though this know edge is val uabl e).

(b) The occurrence of hyperplasia my be used as
supporting evidence al one, but nore so when the
criteria for differentiating hyperplasia from
beni gn neopl asia are not clear (i.e., borderline
| esions) or when they are arbitrary and do not
reflect the biologic potential of a given |esion.

(c) Most neopl asns of the sanme histonorphogenic
type are conbined even if they occur in different
anatom c sites.
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(d) Neopl asns of different norphol ogic
classification may be conbi ned when their

hi st onmor phogensi s i s conpar abl e.

These criteria are used as a first step in
conbi ni ng neoplasms. O her conbinations are
possi bl e and are used at tines, but these have
ordinarily been given less scientific weight in the
interpretation of carcinogenic potential."

Source: MConnell et al; 1986, p. 285

In addition, McConnell et al. have provided a |i st
of organs and tissues indicating where conbining
neoplasns is or is not appropriate, based on those
organs and tissues in which neoplasia are nost often
observed in F344 rats and B6C3F m ce. They note that
organs and tissues not currently on the list are
eval uated on a case-by-case basis, and that there may be
occasi ons where | esions not normally conbi ned woul d be
exam ned in conbination if appropriate (e.g., neoplasns
of different norphologic types in the same organ to
establish a target organ effect)(MConnell et al., 1986,
page 285).

The Departnent will use the reconmendations cited
above to determ ne appropriate conbinations of tunors,
based on the bioassay data and statistical anal yses
provi ded by study authors. Were EPA and NTP have not
foll owed these recently published guidelines, the
Department will use the NTP criteria if adequate
information is provided in the bioassay report.

Conbi nati on of Sexes

Tunor incidences frommale and fenal e ani mal s of
the sane species will generally not be conbined for

dose-response assessnment, unless they are simlar, in
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order to identify and use the nost sensitive site and
species for the assessnent.

Adj ust rent of | ncidence Data

Tunmor incidences are usually reported as the total

i nci dence found at the end of the study. |In general,
the total incidence as reported in the bioassay report
will be used for dose-response nodeling. An adjusted

i nci dence should be used if significant dose-rel ated
nortality occurs in a long-termstudy. This adjustnent

i s made because animals dying early due to (non-cancer)
toxicity are no longer at risk of devel oping tunors, and
groups with increased nortality will underestimte the

i nci dence of tunors that woul d have appeared if the

ani mal s had survi ved.

In the older reports in the NCI/NTP testing
program and in data from other sources, there is often
no adj usted incidence reported. In this case, the final
i ncidence data will be used and the Departnent will not
cal cul ate adjusted incidences. Adjusted incidences wll
only be used when there is a significant dose-rel ated
decrease in survival and the adjustnent is reported by
the authors. As discussed in section I1.C. 10,
preference will be given to data sets which show no
effect on survival, and only in cases in which all data
sets show a significant increase in nortality wll
adj usted i nci dences be used. This approach is adopted
in order to reduce the tinme involved in nmaking
dose-response assessnents and will be followed except in
special cases. In recent NTP reports the adjusted
i nci dences are given as percent incidence. Wen
adj usted incidences are used for dose-response nodeling

the incidence will be calculated as (adjusted incidence,
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% X (nunber of animls exam ned)/ 100, and will be
rounded to the nearest integer.

Ti ssue Danage

In many cases the high doses used in animal
bi oassays cause serious tissue danage, resulting in
i nfl ammati on, regeneration, or repair, at the site where
tunors develop. This raises the possibility that the
appearance of tissue danage may be causally related to
the formation of tunors (C ayson, 1987). This theory
suggests that tissue danage could | ead to tunor
formati on by causing cell proliferation. |ncreased cel
proliferation could then be an initiating factor by
| eading to nore error-prone DNA synthesis or repair
(Shank and Barrows, 1985), or it could be a pronoting
factor to unrelated initiating events by causing
fixation of DNA damage during cell replication. This
concept is supported experinmentally by (1) the
phenonenon of solid state carcinogenesis, (2) the
i ncreased incidence of tunors in animals with urinary
tract stones, and (3) the lack of tunors at noncyt ot oxic
doses of BHT A-treated forestomach of rat (C ayson
1986). However, while chronic toxicity may play a role
i n carcinogenesis, chronic toxicity itself does not |ead
to cancer. In experinents with chem cals causing
chronic liver danage in regenerative nodul es, none
nmet asticize or appear to be malignant. Wen exposed to
genot oxi ¢ chem cal s at doses causi ng maxi mum t unor
response, chronic toxicity often follows, but there are
al so chem cal s causing chronic toxicity w thout causing
tumors (Cot hern, 1987).

The exi stence of a threshold nechani sm does not

rule out the possibility that an agent al so produces
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initiating events. In this case the agent could pronote
its own initiating effect and a threshold nodel woul d
not be appropriate because there woul d be sone
initiating activity at low doses. In this scenario it
could be inferred that the dose-response curve would
rise nore steeply at the high (pronoting) dose, as

poi nted out by the Cal DHS (1985). |If the doses used in
t he bi oassay were above the threshold for pronotion, the
potency at | ow doses could then be overesti mated because
a linear extrapol ati on nodel woul d not nodel the

| ow- dose slope. On the other hand, it is al so possible

t hat doses high enough to cause tissue danage may result
in an underestimate of potency (e.g., as in radiation
car ci nogenesi s) because precisely those cells nost
likely to transformnay be those nost likely to be
killed off. At the least, it can be said that this
situation conplicates decision-making in quantitative
dose-response assessnment. Although the possibility of a
t hreshol d-type of effect is acknow edged in the EPA
guidelines in the statenent "Evidence indicating that

hi gh exposures alter tunor response by indirect

mechani snms that may be unrelated to effects at | ower
exposures should be dealt with on an individual basis"
(EPA, 1986), there is no consensus about how it should
be "dealt with". The California DHS concl udes that
there are not "convincing scientific or public health
grounds to justify incorporating the cytotoxic theory
into the risk assessnent process” (Cal DHS, 1985).

The Departnent believes that insufficient grounds
exi st to conclusively distinguish between cytotoxic
pronoting effects and initiating effects in a standard
regul atory context. An increase in tunors at a site
which is also a target for acute and chronic toxicity is

therefore considered to be qualitative evidence that an
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agent is carcinogenic. However, decisions regarding the
rel evance and use of quantitative dose-response
assessnment are made on a case-by-case basis for each
chemical. Information considered in the decision-making
i ncl ude degree and type of tissue damage, spontaneous
(background) tunor incidence at the site and in the
speci es/strain/sex of aninmal, data fromshort-term
tests, and tunor site and type.

In regard to the difficult issue of nouse liver
tunors, the Departnent currently foll ows the guidance
recently provided by the EPA Science Advi sory Board,
recommending that". . .for the npbst part, nouse liver
tunmors are indicative of human carcinogenicity”

(Cot hern, 1987). The Board al so concluded that nale rat

ki dney tunors al one " .may not be indicative of human

carcinogenicity. . ." (Cothern, 1987). The Depart nment
will continue to nonitor new devel opnents in this area
of risk assessnent, and will nodify the procedures

presented here on a periodic basis, as warranted.

It should be noted again that these considerations
apply only to the decision to use quantitative
dose-response assessnment and not to the qualitative
assessnent. The occurrence of clear increases in tunor
i nci dence, even at sites with significant tissue danage,
is considered to be evidence of carcinogenicity in the
context of the qualitative assessnent of
carcinogenicity. 1In the context of quantitative

dose-response assessnment sone sites or tunmors types may
not be considered to provide a reasonable quantitative
estimate of carcinogenic potency for humans. This wll
be decided on a case-by-case basis as descri bed above.
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Spont aneous Tunor | nci dence

Spont aneous (background) tunor incidence will be
used in conjunction with consideration of tissue danage
as descri bed above. In general it is preferable to use
a site with | ower spontaneous incidence for
dose-response assessnment. However, it should be noted
that in the three |argest ani mal experinents which have
ever been perforned, the neganpbuse experinent on 2- AAF
and British MAFF experinents in rats on dinmethyl and
diethyl nitrosamne, it was the liver - the site with a
hi gh background inci dence - which showed the nost |inear
dose-response rel ationship down to the | owest doses.
Furthernore, the doses were well bel ow those at which
overt tissue damage was bei ng caused. Thus, information
on spont aneous tunor incidence should be weighed in the
context of overall site selection for dose-response
assessnent, but cannot alone rule out the use of
quantitatve assessnent.

Evi dence from Short-Term Tests for Genetic Toxicity

Consi deration of results fromshort-termtests can
be useful for distinguishing initiating from
non-initiating carcinogens. Such information is
applicable only to the choice of whether to perform
guantitative dose-response assessnent, and not to the
selection of the appropriate site. As such, it wll
generally be used in conjunction with informtion about
ti ssue damage as descri bed above. Positive evidence
fromshort-termtests provides a stronger basis for use
of a unit risk calculation while substantial nonpositive
nmut agenicity data indicate that unit risk cal cul ation

may not be appropriate when tissue damage is present.
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When tissue damage is absent, a | ack of evidence or
nonposi tive evidence fromshort-termtests is not
sufficient grounds to choose not to do quantitative
assessnent .

Dose- Response Characteristics of Tunor Response

Evi dence of tunors is considered to be |ess
desirable for quantitative dose-response assessnent if
the increase occurs only at the | ow dose, only at the
hi gh dose, or only at the end of the study. |In general,
it is preferable to use a site with nore than one
significantly increased dosed group and a dose-rel ated
response. These considerations will be used to sel ect
the nost appropriate tunor site for dose-response
assessnent when there is nore than one site, but are not
considered to be sufficient reason to choose not to use
a study for dose-response assessnent when no ot her
adequate study is avail abl e.

St udy Conprom sed by Exceedance of the MID

The Maxi num Tol erated Dose (MID) is used to ensure
that a carcinogen bioassay will not mss |abelling a
chemi cal as a carcinogen because too | ow a dose of the
carci nogen has been used (C ayson, 1986). Thus it is
preferable to use an ani mal bi oassay which did not show
an increase in non tunor-related nortality or a
substantial decrease in weight gain in treated animals
as conpared to controls. 1In general the effect on
non-tunor nortality is considered to be nore inportant
and will be considered first. These factors are not
sufficient to indicate that quantitative dose-response
assessnent shoul d not be conducted, but are used to

sel ect appropriate sites when there is nore than one
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10.

positive data set. Wen there is a significant
dose-related increase in non-tunor nortality in any
positive data set, an alternative data set which shows

no such effect on nortality will be used when avail abl e.
If all avail able data sets show significant non-tunor
nortality effects, the |least affected data set will be

preferred. A gross dose-related increase in non-tunor
nortality would be sufficient reason to decide that a
study is not adequate for dose-response assessnent if
the results are seriously conprom sed as a result (e.qg.,
1,1, 1-trichl oroethane).

A severe dose-rel ated effect on body wei ght (greater

t han expected at the MID) will be used as supportive
evi dence that a data set is inadequate for dose-response
assessnment but will not by itself indicate that a study

i s inadequate for dose-response assessnent, unless there
is a greater than 20% body wei ght deficit over the
majority of the animal lifespan. |In the case of the NTP
studi es, considerations of body weight and survival are
used by the NTP to decide whether the study is adequate
for interpretation, and studies which are severely
conprom sed by exceedance of the MID are considered to
be i nadequate for interpretation since such an
exceedance may alter or mask a carcinogenic effect. A
study which is interpreted as adequate by the NIP is
therefore unlikely to be found to be inadequate by the
Departnment. |In nost cases these criteria will only be
used in selection of the nost appropriate tunor site for
dose-response assessnent.

St udy Conprom sed by | nadequate Dosing Pattern

I f the dosing pattern is substantially different

froma daily dose or substantially less than lifetine
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then the study will not be used for quantitative
dose-response assessnent. |If doses are adm nistered

| ess frequently than once per week or are adninistered
for less than 60 weeks or if the experinent is

term nated before 80 weeks, the data will be considered
to be inadequate for dose-response assessnent (unless
statistically significant increases in tunors are

i nduced prior to this tine).

11. Phar macoki neti c or Metabolism D fferences

If there is sufficient evidence of differences in
phar macoki neti cs or netabolismto make extrapol ation
bet ween routes, species or doses unreliable, the study
will not be used for quantitative dose-response
assessnment. This criterion is discussed further in
section Il. D under dose cal cul ation.

The criteria discussed above will be used to sel ect
the nost appropriate site and study for dose-response
assessnment. These criteria are for this purpose only
and do not apply to the qualitative assessnent. As a
result, it is possible for a chemcal to be placed in
wei ght - of - evi dence Group B and have no unit risk val ue
because the data did not fit these quantitative criteria
(e.g., ethyl acrylate). In principle, this could also
be true for a chemical in Goup A although this did not
occur with the 105 chem cal s eval uat ed.

D. Dose Cal cul ati on for Dose- Response Mbdel i ng

The cal culation of unit risk involves the mathemati cal
nodel i ng of the relationship between the dose of the
carcinogen and the response neasured as tunor incidence or

time-to-tunor. To do this it is necessary to choose a
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mat hemat i cal nodel, and al so an appropriate expression of the
dose. The mathenmatical nodeling is discussed in section
I1.F. The follow ng discussion will describe the procedures
used by the DEQE for dose cal cul ation.

The dose cal culation is the conversion of the
admi ni stered dose or the exposure concentration to a dose
nmet anet er, or surrogate dose expression, which is suitable
for use in dose-response nodeling. |In carcinogenicity
bi oassays the adm nistration of the chemcal is reported in
terms of gavage dose (ng/kg/d), air concentration (ppm, or
food or drinking water concentration (ppm). These
expressi ons of dose or exposure will be referred to as the
adm ni stered dose or adm ni stered exposure. For
dose-response assessnment a variety of different dose
met aneters could be used. It is standard practice to convert
t he adm ni stered exposure concentration (ppmin air, food, or
water) to a nmeasure of daily dose in ng/kg/d, and to
cal cul ate the average daily dose (also in ng/kg/d) over the
l[ifetime of the animal studied. The dose netaneter
recommended for use in dose-response nodeling is the surface
area scaled lifetime average daily dose (EPA, 1986; Cal DHS,
1985). The calculation of the average daily dose for
dose-response nodeling is discussed in this section for each
route of exposure. Further adjustnments to this dose can be
made based on information about absorption, netabolism or
phar macoki netics, and these are discussed in section Il.E
The cal cul ation of surface area scal ed dose is discussed in
section I'1.D. 7.

1. Adm ni stered Dose and Adm ni stered Exposure
Concentration

Al t hough the specific details of the dose

calculation will depend on the route of adm nistration,
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sonme general aspects are conmon to the different routes.
As a standard procedure it is assuned that the

adm ni stered dose as (ng/kg/d) is an appropriate neasure
of the dose for dose-response assessnent for gavage,
feed, or drinking water exposure. It is assuned that
exposure concentration for inhalation studies (ng/n?)
can be used for dose-response assessnent. It is
generally assuned that it is valid to extrapol ate across
speci es, routes of exposure, and fromhigh to | ow doses,
as described below. These assunptions may be nodified
when appropriate data are avail able as described in

| ater sections.

Lifeti ne Average Dose

The dose expression used for dose-response
assessnment is calculated as the lifetine average daily
dose, or lifetinme average daily exposure concentration
for inhalation studies. For this purpose the lifetine
of both rats and mice is assuned to be 104 weeks from
birth. Although this value may underesti mate the
lifetime of rodent species, especially the rat, a study
| ength of 104 weeks has commonly been used for
carcinogenicity bioassays apparently for reasons of
conveni ence and because the spontaneous tunor rate
i ncreases with study duration, reducing the sensitivity
of the experinment for detecting treatnment-related tunor
formation. Al though | onger nominal |ifespans can be
justified, such as 130 weeks for rats (used by Crunp and
Co., 1986), CAG has used 104 weeks as a standard and the
Department will do |ikew se.

Because experinmental design of carcinogenicity
bi oassays varies, several different contingencies mnust

be accounted for when calculating the lifetinme average
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dose. Wen the experinental design enploys dosing for
nore than 104 weeks, the lifetine average dose will be
calculated for the entire time of dosing. |If dosing is
ended earlier than 104 weeks of age and the aninals live
for 104 weeks or |onger, the dose will be averaged over
104 weeks. |If both dosing and study tinme are term nated
prior to 104 weeks, the lifetinme average dose is
averaged over the total study tine and a further
adjustrment will be made for less than |ifetinme exposure
as discussed | ater.

Dose Cal cul ation for Gavage Studies

For gavage studies the lifetine average dose (LAD)

w ||l be cal culated as foll ows:
LAD = daily dose x days dosed per week x weeks dosed
(rmg/ kg/ d) (rmg/ kg/ d) 7 104

The |l ast term woul d be replaced by (weeks dosed/ st udy
time) for studies that were termnated prior to the 104

week lifespan and it would be replaced by 1 for studies
in which the animals were dosed for 104 weeks or | onger.
The study tinme is the age of the animals at the

term nation of the experinent.

Dose Cal cul ati on for Feedi ng Studies

For studies in which the chem cal is incorporated
into animal feed the dose (in ng/kg/d) can be cal cul ated
either on the basis of actual neasurenments of food
consunption or on the basis of assunptions about food
consunption in the absence of data. It is preferable to
use estimates of dose based on neasurenents of food
consunption nade during the bioassay and this

information will be used whenever it is available. This
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information is usually presented as an estimte of
average daily dose in ng/kg/day and this adm ni stered
dose will be converted to lifetine average dose as
descri bed for gavage studies. |If the concentration of
the chemcal in the diet is presented and no information
is avail able on food consunption an estinate of dose
wi |l be cal cul ated based on the equations derived by
Crouch (1983). These equations are scaled to calcul ate
t he average dose in ng/ kg/day and were derived using
food consunption data froman early NCl bioassay. For
this cal culation the body wei ght at approxinately 60
weeks is used. The equations for nouse dose are scal ed
to a nomnal lifespan of 91 weeks and the results nust
be adjusted to reflect the 104 week nom nal |ifespan
used by DEQE. This approach is preferred to that
presented by the EPA which uses enpirically derived
factors for the fraction of the body wei ght consumed as
food per day. The EPA approach assumes that the daily
dose neasured in adult animals gives an equival ent dose
for all ages. The equations presented by Crouch (1983)
are preferred because these equations integrate the food
consunption over the entire animal |ifespan and

t herefore account for the changes in food consunption
patterns with age.

Dose Cal cul ation for Drinking Water Studi es

For studies in which the chem cal is admnistered
via the drinking water the adm ni stered dose (in
ng/ kg/ d) can be cal cul ated based on water consunption
measur enents made during the study or on the basis of
assunptions about the water consunption if neasured
wat er consunption is not reported. Estimates of dose
based on neasurenents of water consunption nmade during

t he bi oassay are preferable and are used whenever
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avail able. This adm nistered dose estimate will be
converted to a lifetinme average dose as described for
gavage studies. Wien only the concentration of the
chemcal in the drinking water is given the dose will be
estimated using the equations used by EPA (1984).

For this calculation the CAG uses enpirically
derived factors as foll ows:

Speci es Wei ght (kqg) f
man 70 0. 029
r at 0. 35 0.078
nouse 0. 03 0.17

The value f is the fraction of the body wei ght
consuned as water per day and the dose in ng/kg/day is
then (f x ppmin the drinking water). This approach
assunes that the daily dose cal culated at a single body
wei ght is equivalent to the dose at all ages. This is
simlar to the approach presented by the CAG for dietary
adm ni stration as nmenti oned above. Although the
approach devel oped by Crouch (1983) using enpirically
derived equations integrating consunption over the
animal lifetime is preferred for feeding studies,
anal ogous equations for drinking water consunption are
not available to the Departnent at this tine.

Dose Cal cul ation for |nhal ati on Studi es

For inhal ation studies the standard procedure wl|
be to assune that the lifetinme average exposure
concentration (ng/n?) is an equival ent exposure across
species. The lifetime average exposure concentration
will be calculated as follows:
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experi ment al hour s days wks

LAC = exposure X exposed/ day x exposed/ wk x exposed.
concentration 24 7 104
(ppm

The last termw ||l be replaced by 1 if the exposure
period is nmore than 104 weeks and will be replaced by
weeks dosed/study length for studies that are term nated
prior to the 104 week nom nal |ifespan.

As di scussed in section I1.D. 7, equival ent doses

across species are assuned to be related to the surface
area, or to the body weight raised to the 0.67 power.
Thi s approach for inhalation studies assunes that the
dose scaling between species is accounted for because
the volune of air breathed (ventilation rate) is
proportional to the body weight to the 0.74 power in

di fferent species (Davidson et al., 1986). Because the
ventilation rate is nearly proportional to the surface
area across species, the amount of chem cal inhaled (the
adm ni stered dose) is proportional to surface area, and
it is not necessary to adjust the exposure concentration
to account for interspecies scaling. It is also
general ly assuned that there are no dose-dependent

nmet abol i sm or dose-dependent pharnmacoki netic effects

whi ch affect the high to | ow dose extrapol ati on.

Al t hough these assunptions are clearly not accurate in

all situations, they will be used in the absence of
additional information. The use of pharnacokinetic data
in the quantitative dose-response assessnent will be

di scussed in nore detail in the next section II.E In

the remai nder of this section the possible effects of
t hese assunptions will be outlined.

The assunptions for dose adjustnent for inhalation
studi es shoul d be accurate when the chenical of concern
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is very reactive or very water soluble. 1In the case of
wat er sol uble or reactive chemcals, the chemcal is
likely to be conpletely absorbed at all concentrations
in all species.

It is therefore appropriate to assune that the dose
is inmplicitly scaled to surface area if the lifetine
aver age exposure concentration is used in the
dose-response assessnent, because the inhal ed vol une
scal es between species with the surface area. Anderson
(1983) suggests that reactive or soluble chemcals
shoul d be treated by cal culating the dose on a ny/kg/d
basis using a standard value for daily vol une breathed
and then scaling to surface area. The resulting
carci nogeni ¢ potency then nust be converted to an
i nhal ation unit risk, again using standard bi ol ogi cal
val ues. This appears to be an unnecessary step, since
ventilation rate automatically scal es the inhal ed dose
to surface area, and one that adds an additional error
since the breathing rates are based on standard val ues
and do not account for differences in animl weight or
for differences in respiratory rate with age. The use
of this approach in calculating inhalation unit risk can
result in atwo-fold difference in unit risk conpared
with the results obtained by fitting the extrapol ation
nodel to the LAC

Ander son (1983) recomends a simlar approach for
particles including the assunption of 100% uptake of the
total ventilation. The accuracy of this assunption wll
depend on the size and solubility of the particle. For
particles in the size range of 0.5-10 microns, 50-70%
wi |l deposit (Task Group on Lung Dynami cs, 1966).

Larger and snaller particles will be nore conpletely

absorbed. For soluble particles the deposited fraction
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can be assunmed to be conpletely absorbed. For insoluble
particles the dose depends on other factors. Larger

i nsoluble particles that deposit in the airways will be
cl eared by mucociliary transport and swal |l owed, and the
absorbed dose will depend on gastrointestinal solubility
and absorption. Smaller particles will deposit in the
al veol ar space and the system c dose will depend on the
cl earance rate and dissolution rate. |In the cases of
particul at e exposure and gases which have | ow solubility
and are rapidly netabolized, the assunption of 100%

absorption or deposition will result in an overestinate
of the dose in an ani mal bioassay which can lead to an
underestinmate of potency for the animal. For this

reason the Departnent prefers to assune the the
deposition and absorption of these substance are the
sanme between species, and to use the LAC as the dose
net anmet er for dose-response assessnent.

For partially soluble vapors which reach
equi librium Anderson (1983) recommends the use of
equi val ent exposure concentrati ons between species for
dose-response nodeling. In this situation the exposure
concentration reaches equilibriumw th the body burden
at high doses and the anount of the inhal ed dose
absorbed is limted to the amount netabolized or
elimnated by other routes. This approach assunes that
t he pharnmacokinetics are the sanme in different species
and at high and | ow doses and that netabolismis rel ated
to the surface area between species. However, the
assunption that exposure concentration can be used to
extrapolate fromhigh to | ow doses may be invalid
because any saturation of nmetabolismw || be
dose- dependent and so a | ower proportion of the inhaled
dose may be absorbed at hi gher exposures. This can

result in a large overestimate of the dose because the
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anount of the inhal ed dose which is absorbed at high
exposures can vary between a large fraction for

chem cal s which are nmetabolized rapidly to a very snal
anount for chem cals which are nmetabolized slowy. Mny
chem cals that are partially sol uble vapors have been
studied sufficiently that data are available to relate

t he exposure concentration to the absorbed or

net abol i zed dose. The recent advances in the

devel opnment and validation of physiol ogically-based

phar macoki neti ¢ nodeling al so hold prom se for defining
the rel ati onship between the exposure concentration and
the effective dose. |In the absence of information
defining this relationship, the Departnent will consider
t he exposure concentration to be a valid dose netaneter
for dose-response nodeling, although this could lead to
an underestimate of risk at | ow doses.

Scal i ng of Dose

Dose scaling between species will be done using the
surface area approach as recommended by EPA (1986) and
the Cal DHS (1985). The animal lifetine average daily
dose expressed as ng/kg/d is multiplied by a factor of
(b.w./70)Y® with b.w. equal to the animal body weight in
kil ograns. This calculation gives the equival ent human
dose expressed as ng/ kg/day. For this calculation the
ani mal weight is the average wei ght for the group of
animals as reported in the study and is obtained as the
average wei ght over the last 30 weeks of the study. The
actual neasured weights are preferred. Wen they are
not avail able, standard weights will be used. The
standard wei ghts used in this case will be 0.030 and
0.035 kg for female and nmale mce respectively and 0. 35
and 0.40 kg for female and nale rats respectively. The

value of 70 kg is used as a standard adult (male) human
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body weight. This scaling factor is not used in

i nhal ati on studies in which the dose netaneter used in
dose-response assessnent is the lifetine average
exposure concentrati on.

E. Use of Phar nacoki netic Data

The use of lifetine average daily dose for quantitative
dose-response assessnent assunes that there are no
i nterspecies, interroute, or dose-dependent differences in
t he shape of the dose-response relationship. |In the absence
of other information the position of the Departnent is that
the use of surface area adjusted lifetine average daily dose
is a reasonabl e approach to dose-response nodeling.
Phar macoki neti ¢ and netabolism data can provide information
about the rel ationship between dose and response by providing
a refined estinmate of the effective dose. The Departnent
wi |l consider the use of additional data regarding
phar macoki neti cs and netaboli smas an optional additional
step to the procedure outlined above for dose cal cul ati on.
This allows the use of new data and approaches with regard to
t he inclusion of pharnmacokinetic data in dose-response
assessnment. The Departnent does not intend to undertake a
detailed review of all the available data for every chem ca
assessed in all cases. However, it is the position of the
Department that the inclusion of valid and applicable
phar macoki netic data in the risk assessnment process
constitutes an inprovenent in the procedure and the
Departnment will therefore attenpt to consider any avail able
data or any information submtted by interested parties,
within the constraints of available resources. Because the
use of pharmacokinetic data in risk assessnent is a rapidly
devel opi ng and conplex field, there are currently no agreed

upon gui delines or recomrendations for their use. 1In the
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context of these procedures, the follow ng general comments
will outline the position of the Departnment with regard to
t he use of pharmacoki netic data.

1. Phar macoki netic data refer to any informati on which
guantitatively describes the relationship between the
adm ni stered dose and the dose at the ultimate site of
the toxic response and could include information
regardi ng retention, absorption, disposition,

di stribution, netabolism reaction, binding, and
elimnation. Also included is information describing or
conparing these paranmeters in different species, for
different routes of exposure, or at different doses.

2. The process relating adm ni stered dose to target
site dose can be thought of, in general, as a sequenti al
mul ti step process and each successive step is considered
to be nore proximate to the target dose. Estinates of
doses at steps nore proxinmate to the target dose are
considered to be a nore appropriate dose netaneter for
dose-response nodeling than any preceding step. The
steps that are postulated to occur between adm ni stered
dose and the expression of the effective dose nust be
justifiable based on the avail able data, and on
t heoretical concepts about mechani sms of carcinogenesis
for a particular chemcal. For exanple, the follow ng
schenme coul d represent the process for an inhaled liver
car ci nogen:

i nhal ed dose ----> absorbed dose ----> dose to liver
---->netabolized dose --> reactive netabolite dose
to liver -->reactive netabolite dose to |iver nucl eus

---->DNA binding ....
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Any pharnmacokinetic data which are scientifically
val i dated (peer reviewed and replicated) and which
describe the relationship between adm ni stered dose and
sonme ot her dose netameter along a biologically
reasonabl e and cl early descri bed pathway w |l be
considered to be an inprovenent over the use of
adm ni stered dose for dose-response nodeling.

Lack of data describing species-, route-, or
dose- dependent pharmacokinetics will not be considered
sufficient reason to invalidate a data set for
dose-response assessnment and in this case the
adm ni stered dose will be considered a valid dose
expression. This will be the case even in cases for
whi ch a reasonabl e argunment could be nade that a dose-,
species, or route-specific difference may occur.
Phar macoki netic data will be used to refine the
guantitative dose-response assessnment whenever possi bl e.
It is recognized that under various plausible scenarios
the use of adm nistered dose for dose-response
assessnent could either underestimate or overesti mate
the risk. However, in the absence of suitable
phar macoki netic data it may not be possible to account
for these effects, even though these may be pl ausi bl e or
likely. 1In general in these cases it will be assuned
that the adm nistered dose represents a reasonabl e dose
nmet anmet er for dose-response nodeling and will be used.

Dose- Response Model i ng

1. Choi ce of Mde

The nultistage nodel will be used to extrapol ate
from high dose to | ow dose in nost cases. The

mul ti stage nodel has been used widely and is considered
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to be an appropriate nodel under nost circunstances
(EPA, 1985, California DHS, 1985). It is consistent

wi th some theoretical nechanisns of carcinogenicity and
it incorporates the assunption of |ow dose linearity and
| ack of a threshold in | ow dose extrapolation. It is
under stood that choice of the nodel is critical with
regard to the outconme of the quantitative dose-response
assessnment and can be the largest contributor to the
uncertainty in the process (Anderson, 1987). The
Department takes the position that the nultistage nodel
is appropriate and it will be used. Wen
time-to-response data are available a nmultistage node
with a tinme-dependent term may be used.

2. Calculation of Unit Ri sk

Potency estimates will be obtained fromthe
mul ti stage nodel for each data set consi dered adequate
for dose-response assessnment based on the criteria
described in section I1.C. The potency estinmate used
will be the 95% upper confidence limt on the |inear
term For these cal culations the Departnent uses the
MSTAGE conput er program devel oped by Crouch (1985).

3. Adjustnent for Nonnobnotonic Data

When the experinental tunor incidences do not
increase in a dose dependent nmanner at high experinental
doses the highest dose nay be elimnated to i nprove the
nodel fit. The procedure described by Anderson (1983)
will be followed. If the predicted value fromthe
mul ti stage nodel when all data are used is significantly
different (p<.05) than the observed incidence at the
hi ghest dose by the chi-square test, the upper dose

group will be dropped and the nodel will be fit to the
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remai ni ng data points. This procedure will not be
applied to data sets with only two dosed groups.

4. Adjustnment For Less Than Lifetine Exposure

I f an ani mal bi oassay was termnated at a tinme prior
to the end of the lifespan of the animal (104 wk), the
potency estimates will be adjusted to account for the
devel opnment of tunors that woul d have appeared had the
animals lived their full lifetime. The potency (qi*)
will be nultiplied by a factor of (104/LE)® (Anderson,
1983) where LE is the length of the experinent in weeks.
This is based on the observation that human tunor
i ncidences at a variety of sites increase in proportion
to age raised to a factor of 3 to 6, with sone sites
bei ng much hi gher.

5. Choi ce of Potency Val ue

The carci nogeni ¢ potency val ues cal cul ated as
described will be used to select the final potency
val ue. The hi ghest potency estinmate determ ned at any
of the sites considered to be adequate based on the
criteria discussed in section Il.C. will be selected.
In particular, the selection of the final potency val ue
wi |l depend on the criteria described in subsections 6,
7, 9, 10, and 11 of section I1.C

6. Unit Risk Calculation For Ar

The unit risk for air exposure will be based on a
lifetime continuous exposure to 1 ug/nt air
concentration. For nost chemicals the cal cul at ed
potency will be expressed in units of (ng/kg/d)™t To

convert this value to a unit risk expressed as (ug/n?) %
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the potency is nultiplied by a factor of 0.000286. This
value is derived as foll ows:

0.000286 ny/kg/d = 20 nt x 1 x 1 ngy
ug/%? day 70 kg 1000 ug

This conversion assumes a 70 kg person inhales 20 n? of
air per day and that the hunman dose is equivalent to the
total inspired dose (i.e. 100% absorption). Based on
considerations simlar to those discussed in section
I1.D.7, this is likely to be a reasonable assunption in
sonme cases, but to overestimate the dose in other cases.
At concentrations of interest for anbient exposures it
is unlikely that significant accunul ati on of the
chemical in blood or saturation of nmetabolismw || occur
for nost chemcals. Therefore, for large particles and
sol ubl e chem cals the assunption of 100% absorption is
reasonable. For small particles and partially sol uble
chem cals, sonme of the inhaled chemical is likely to be
exhal ed and the assunption of 100% absorption w ||
overestimte the actual dose. Andersen (1981) used a
physi ol ogi cal | y- based phar macoki neti c nodel to predict
absorption under various conditions. This nodel
predicts that the actual absorption of inhaled partially
sol ubl e gases will decrease as the blood-air partition
coefficient decreases bel ow a val ue of approxi mately 10.
The nodel s predict that the absorption of partially

sol ubl e gases will increase to a maxi mum val ue of 70% at
bl ood-air partition coefficients above 10. This
prediction results fromthe fact that the absorption of
t hese gases occurs in the alveolar region of the lung
and the alveolar ventilation is approximtely 70% of the
total ventilation. This prediction also assunes that
100% of the absorbed dose is nmetabolized. This is a
reasonabl e assunption for nost chem cal s at

envi ronnmental concentrations. However, the risk may
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actually be over- or underestimated. It depends on the
di fference between absorption in the animals under the
experinmental conditions, and absorption by humans under
envi ronnmental conditions. Wen the dose-response
nodel ing for an inhalation study uses the lifetine

average concentration (see section |I1.D.7), the unit
risk will be obtained directly fromthe nodel and w ||
be expressed in units of (ug/nf). In this case the unit

risk value for humans for air is equal to the unit risk
val ue derived fromthe aninmal study. Thus, it is
assunmed that the absorption of the inhaled dose is the
sanme in different species and that there are no

dose- dependent effects on carcinogenic potency. The
validity of these assunptions is discussed in section
I1.D.7 and the Departnent's position with regard to the
nodi fication of these assunptions in special cases is
di scussed in section II.E

Interpretation of Unit R sk Val ue

In the quantitative dose-response assessment process

there are many factors which lead to uncertainty in the final

unit

risk value. Sone of these uncertainties would be

expected to lead to an overestimate of risk, and others to an

under

estimate of risk. In general the procedures used are

designed to be conservative fromthe point of view of

protection of the public health and as such they nmay tend to

overestimate the ri sk. For this reason the unit risks are

consi
. The
zero"

dered to be "a plausible upper Iimt to the risk.
true value of the risk is unknown and may be as | ow as
(EPA 1985). The EPA Heal th Assessnent Docunent for

Epi chl orohydrin states that "the |inear extrapol ation nodel

used

upper
ri sk

here provides a rough but plausible estimte of the
l[imt of risk; i.e., it is not likely that the true

woul d be nuch nore than the estimated risk, but it could
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be much lower™ (EPA, 1984). It is the position of the
Departnent that the unit risk values cal cul ated as descri bed
herein, or calculated by others and adopted for use by the
Department represent the best available estinates of the
human ri sks due to exposure to given chemcals, and will be
used in regul atory deci si ons- nmaki ng.

H. Reports of Dose- Response Assessnents

A brief report has been prepared by the Departnent for
each chem cal assessed and will be available to interested
parties. Each report describes the qualitative assessnent of
the data on carcinogenicity and the dose-response assessnent.

The study used for dose-response cal cul ation and the
rationale for selection of the study and tunor site will be
described in detail, as well as the tunor incidence data, the
dose cal cul ation, and the use, if any, of pharmacokinetic
data. Each report describes any assunptions nade in the unit
risk calculation and presents the unit risk val ues obtai ned
along with a brief discussion of other risk assessnents that
have been perfornmed. Reports prepared to date are presented
in Appendi x E of this docunent.

| . Resul ts

During the devel opnent of CHEM 105 chemi cals were
evaluated. O these 105 chem cals, 46 had sone evidence of
carcinogenicity and had a CHEM carci nogenicity score of
A B C or D Unit risk values were cal cul ated and used for
38 of these. Unit risk values were not used for the other 8
chem cals for the follow ng reasons: Two chem cals have
gqualitative evidence of carcinogenicity but quantitative data
were unavail able to the Departnment (benzyl chloride and
hydrazi ne). The data for hydrazine and benzyl chloride may be

adequate for dose-response assessnment but are not fromthe
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NCI / NTP program and have not yet been obtained and revi ened
by the Departnment. Nickel, nickel oxide, and | ead subacetate
have no unit risk val ue because the positive animal studies
used subcutaneous or intramuscular injection and could not be
used for dose-response assessnent. The hunman studies for

ni ckel oxi de were not considered to be adequate for
dose-response assessnment by the EPA. The studi es show ng
carcinogenicity due to mrex exposure are not considered to
be adequate for dose-response assessnent

due to limtations in study design. The data for ethyl
acrylate were not considered to be adequate for dose-response
assessnment because gavage treatnment produced only | ocal
tumors of the forestomach in rats and mice. Tunor production
due to ethyl acrylate exposure is likely to be by a direct
mechani sm (toxic insult leading to cell proliferation) and
extrapol ati on between routes is not reliable. The unit risk
val ue for chl orobenzene was not used because only benign
tumors were found in the carcinogenicity bioassay. The data
for the remaining 38 chem cals were consi dered adequate for
dose-response assessnment, and unit risk val ues have been
calcul ated for each. The unit risk values adopted by the
Department are listed in Table D2 with the source of the
unit risk value. The details of the calculations of the unit
risk values, the rationale for selection of site and study
used, and the rationale for use of dose-response assessnent,
are described in a Carcinogenicity Dose- Response Assessnent
report for each chemical, included in Appendix E to this
docunent .
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Table D-2. Unit Ri sk Val ues Adopted for

Use by the Departnent as

of 3-87.

Cheni cal (ug/ n?) ! Sour ce
Acet al dehyde 2.3 x 10° DEP
Acrylonitrile 6.8 x 10°° EPA/ CAG
Aniiine 7.1 x 10° DEP
Asbest 0s 7.6 x 1073 CAG OAQPS
Benzene 8.1 x 10° EPA/ CAG
Beryl|ium 2.4 x 103 EPA/ CAG
1, 3- but adi ene 2.9 x 10°* EPA/ CAG
Cadmi um 1.8 x 1072 EPA/ CAG
Carbon tetrachl oride 1.5 x 10°° EPA/ CAG
Chromi um VI cnpds 1.2 x 1072 EPA/ CAG
Chl or dane 3.7 x 10° EPA/ CAG
Chl or of orm 2.4 x 10° EPA/ CAG
p- di chl or obenzene 2.4 x 10°° DEP

1, 2- di chl or oet hane 2.6 x 10° EPA/ CAG
di chl or orret hane 4.1 x 10°° EPA/ CAG
1, 2- di chl or opr opane 1.8 x 10°° DEP

di (et hyl hexyl ) pht hal at e 1.3 x 10°° DEP

1, 4- di oxane 4.1 x 10°° DEP

Epi chl or ohydrin 1.2 x 10°° EPA/ CAG
For mal dehyde 1.3 x 10°° EPA/ OTS
Hept achl or 1.3 x 1073 EPA/ CAG
Hexachl or oet hane 4.0 x 10°° EPA/ CAG
Li ndane 3.8 x 10°¢ EPA/ CAG
PCB 1.2 x 1073 EPA/ CAG
Propyl ene oxi de 6.6 x 107 DEP

Sel eni um sul fi de 2.0 x 10° DEP
Styrene 5.7 x 10 EPA/ CAG
1,1, 2,2-Tetrachl or oet hane 5.8 x 10°° EPA/ CAG
Tet rachl or oet hyl ene 5.5 x 10°° DEP

Tol uene dii socyanate 6.8 x 10° DEP
o-tol ui di ne 5.7 x 10° DEP

1,1, 2-Tri chl or oet hane 1.6 x 10 EPA/ CAG
Tri chl or oet hyl ene 1.6 x 10°° DEP

2,4, 6-Trichl or ophenol 6.2 x 10° DEP

Vi nyl chloride 2.6 x 10° EPA/ CAG
Vi nyl i dene chl ori de 5.0 x 10° EPA/ CAG
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| nt roducti on

Thi s docunent is an Appendix to the Chemical Health Effects
Assessnent Met hodol ogy and the Method to Derive All owabl e Anbi ent
Limts (CHEM AAL). These procedures have been devel oped for use
in the Massachusetts Air Toxics Program

Thi s Appendi x contains summary reports describing the
guanitiative risk assessnents perforned by CAG and/or DEP. The
reports include information about the basis for the qualitative
assessnent and the details of the unit risk cal culation (when
perfornmed by DEP). Chem cals are aasigned to a
wei ght - of - evi dence category based on the EPA guidelines. The
wei ght - of evi dence classification may be obtained fromthe EPA
or determ ned by DEP if not avail able from EPA. The source and
basis for the wei ght-of-evidence classification are descri bed.

The derivation of the unit risk value is described in these
reports. \When there is a unit risk value recommended by the
Car ci nogen Assessnment G oup (CAG, the value will be reviewed by
DEP and conpared to DEP - calculated unit risks. |f DEP and CAG
val ues do not differ significantly, the CAG value will be adopted
in the interest of consistency with EPA. \Wen DEP does not adopt
a CAGunit risk value, or when there is not CAG unit risk val ue,
the details of the DEP cal culation are presented. This includes
the rationale for selection of study and tunor site used to
cal cul ate carci nogeni c potency, the cal cul ation of human
equi val ent dose, and the calculation of inhalation unit risk.
When quantitative dose-response assessnents are avail able from
ot her sources, they will be reviewed and conpared with the DEP
value. The unit risk value adopted by DEP will be given and the
basis for that selection will be expl ai ned.

These assessnents have been performed as discussed in
Appendi x D of this docunent. In nmany case, reference is nade to
Appendi x D for the details of the assessnents. The reader is
directed to Appendix D for discussion of the procedures used and
the criteria used to nmake various decisions required in the
anal ysi s.

Al'so included in these reports are the nutagenicity
wei ght - of - evi dence as derived in CHEM and any information that
is avail able about the current status of the chemcal in the NTP
carci nogenesi s bioassay program All references are included in
a section at the end of the Appendi x. The tables are presented
and nunbered separately for each report.



Carci nogenicity Dose-Response Assessnent for Acetal dehyde

Summary

The wei ght - of - evi dence cl assifications for acetal dehyde are
G oup B2-Probabl e Human Carci nogen and Substantial for
mut ageni city. CAG has derived a unit risk value of 2.2x10°°
(ug/ nt) "',  The value was obtained in a tel ephone conversation
with Charles Ris of the CAG (12-9-86). The DEP unit risk was
cal cul ated using the Wutersen et al. (1986) inhalation study.
The unit risk value calculated by DEP is based on the incidence
of nasal adenocarcinoma in the male rat. The DEP unit risk val ue
is 2.26x10°° (ug/n?)"t. The DEP unit risk value of 2.26x10°
(ug/nt) ' is adopted by the DEP for use in risk assessnent of
i nhal ati on exposure.

Backgr ound

The designation of weight-of-evidence as G oup B2-Probabl e
Human Carci nogen for carcinogenicity is based on nasal tunors in
rats (Wutersen et al., 1986) and in hansters (Kruysse et al.
1975) after inhalation exposure, and injection site sarconas
af ter subcutaneous injection. The weight-of-evidence is
classified by DEP based on EPA guidelines. |ARC reviewed the
evi dence for carcinogenicity for acetal dehyde and concl uded t hat
there was sufficient animl evidence (I1ARC, 1985). The
i nhal ation study by Wutersen et al. (1986) is the only study
known to the DEP that can be used for quantitative dose-response
assessnment. A prelimnary report of the interimsacrifices in
this study was reported (Wutersen et al., 1984). The
docunent ation for the CAG dose-response assessnent was not
available at the tinme of this witing and it is presuned to be
based on this study. Because this docunentation was not
avai l abl e, the DEP perforned this dose-response assessnment using
the Wutersen et al. study. Acetal dehyde was |isted as approved
for toxicology studies in the National Toxicol ogy Programon the
9- 86 nmanagenent status report but was not listed on the 1-87
status report (NTP, 1986a, 1987).

DEP Unit Risk Calculation Using the Wutersen et al. (1986)
St udy

Mal e and female rats were exposed to 0, 735, 1410, and 1521
ppm acet al dehyde for 6 hr/day, 5 days/week, for up to 28 nonths.
The hi gh dose group was initially exposed to 3000 ppm but was
reduced gradually to a concentration of 1000 ppmduring the first
year of the study due to toxicity. The tinme-weighted average for
the entire study was 1521 ppmfor the high dose ani mal s exposed
for 28 nonths. There were 55 aninmals per exposure | evel exposed
for 28 nonths. Rats of each sex were sacrificed at 13 weeks (5
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animal s), 26 weeks (5 animals), 12 nonths (10 aninmals), and 12
months with a 12 nonth recovery period (30 animals). The results
for the 28 nonth exposure are used for dose-response assessnent.

Mortality was significantly increased in the high-dose group
and body wei ght was significantly decreased in the two hi ghest
dose groups, in both nmales and femal es. Nasal squanous cel
carci noma and nasal adenocarci noma increased significantly in
both male and female rats. These tunor types (shown in Table 1)
are used for dose-response nodeling. These tunor types should
not be pool ed for assessnment according to NTP guidelines (NTP
1984; McConnell et al. 1986) and therefore were not pooled for
dose-response assessnent. The reported incidences were not
adjusted by the authors to account for early nortality in the
dosed groups.

Nonneopl asti ¢ pat hol ogy was al so reported including
degeneration and hyperplasia of the olfactory epitheliumat al
exposure |l evels, and squanous netapl asi a, keratinization, and
rhinitis at the two higher exposure |levels. Laryngeal
hyperpl asia was al so reported in the highest exposure |evel.

The lifetinme average exposure concentration (LAC) was
cal cul ated using the foll ow ng equati on:

LAC (ppm = exposure 6 x 5 x 1

concentration (ppm 4 7

The time-wei ghted average exposure concentration for the high
dose group was cal cul ated using the concentrations and durations
reported and a total exposure of 850 days (28 nos.). The
lifetime average concentration is listed in Table 1 expressed as
ppm and as nmg/nt. The dose-response nodel was fit to the
lifetime average concentration in ng/n?

The dose-response nodel was fit to the tunor incidence data
as shown in Table 1. For nasal adenocarcinoma the incidence in
t he high dose group did not increase in a dose-related pattern
resulting in a poor fit using the nmultistage nodel. This may be
due to the high nortality in this group. For this site the
hi gh-dose group was elimnated and the nodel was fit to the data
fromthe control and two dosed groups. The 95% upper confi dence
l[imt on the linear termof the nmultistage nodel is used as the
potency estimate and is listed in Table 2 for each site.
Because the nultistage nodel was fit to the lifetinme average
concentration, the upper confidence |imt (qi*) is expressed in
units of (ng/nt) ', The site selected as the npbst appropriate
site for dose-response assessnent is the nmale rat nasal
adenocar ci nonma because it is the nost sensitive of the sites
anal yzed. The unit risk based on this site is 2.26x10 °(pg/ ) *
There is no need to adjust this value for less than lifetine
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exposure because the exposure was | onger than the nom nal
l[ifetime of the animals.

A unit risk value can al so be cal cul ated using the groups
exposed for 12 nonths followed by a 12 nonth recovery period.
This was done for purposes of conparison only. The data from
t hese groups woul d generally be consi dered i nadequate for
dose-response assessnent by the DEP because the exposure was only
hal f of the animals' nomnal lifetinme and because there were only
30 animal s per group. Wen the exposure is expressed as the
lifetime average concentration, the unit risk value for nasal
adenocarcinona is 3.0x10°° (ug/nt) ' for both nales and femal es.

I f the exposure is expressed as the average during the year the
ani mal s were exposed, the unit risk values woul d be approximtely
one half of this val ue.

Di scussi on

Thi s dose-response assessnent was performed according to the
met hods described in Appendix D. This assessnent does not use
additional data to account for dose or species dependent effects
on carcinogenic potency. It is therefore assuned that high-dose
to | ow dose and speci es-to-species extrapolation is valid,
consistent wwth the DEP position that these extrapolations are a
reasonabl e approach to dose-response assessnent. Because of the
solubility and reactivity of acetal dehyde and the fact that the
toxicity occurs at the site of contact with the body, the unit
ri sk cal culated for inhalation exposure should not be used to
derive unit risk for other routes of exposure.



Table 1 Tunor Incidence and Dose Cal cul ation for Dose-Response
Assessnent of Acetal dehyde Using Wutersen et al. Study.

Exposure Nasal Tunor | ncidences Lifeti me Average
Concentration Squanous Cel | Adeno- Exposure Concentration
ppm Car ci nonma carci nona ppm my/ nt
Rat- mal e
0 1/ 49 0/ 49 0 0
735 1/ 52 16/ 52 125 225
1412 10/ 53 32/ 53 268 482
1521 15/ 49 21/ 49 272 490
Rat - f enal e
0 0/ 50 0/ 50 0 0
735 0/ 48 6/ 48 125 225
1412 5/ 53 26/ 53 268 482
1521 17/ 53 21/ 53 272 490
Tabl e 2. Car ci nogeni ¢ Potency for Acetal dehyde using
Wut ersen et al. Study
Tunmor Site a1
(nmg/ n?)
Rat - mal e
Squanous cel |l carci noma 3.43x10°*
Adenocar ci noma 2.26x10°°
Rat - f enal e
Squanous cel | carci noma 1.51x10™*
Adenocar ci noma 8. 89x10™*



Carci nogenicity Dose-Response Assessnent for Acrylonitrile

Summary

The wei ght - of - evi dence cl assifications for acrylonitrile are
G oup A Human Carci nogen and Sufficient for nutagenicity. The
EPA has reviewed the avail able toxicological data in the Health
Assessnment Docunment for Acrylonitrile (EPA, 1983). The
wei ght - of - evi dence cl assification is based on the EPA anal ysis of
the ani mal data and of four epidem ol ogi cal studies show ng
evi dence of lung cancer in humans exposed to acrylonitrile (EPA,
1983). The EPA considers three of these studies to be suggestive
and one to be adequate and the adequate study is used by the EPA
for quantitative dose-response assessnent. The | ARC eval uation
of the data on carcinogenicity of acrylonitrile concluded that
there was |imted human evi dence and sufficient ani mal evidence
(I'ARC, 1979a, 1982c). The animal evidence cited by I ARC incl udes
positive responses in rats at nultiple sites, and in studies
usi ng i nhal ati on, gavage, and drinking water. There is no
current activity in the NTP programon acrylonitrile. The CAG
unit risk value is 6.8x10°° (ug/n?) ! and is based on data from
human i nhal ati on exposure. The CAG unit risk value is adopted by
the DEP for use in risk assessnment of inhalation exposure

CAG has al so derived potency estimates for ingestion
exposures based on ani mal drinking water studies (EPA 1983).
The inhal ation and i ngestion carcinogenic potencies are different
and the unit risk for one route should not be used to derive a
unit risk for the other route.



Carci nogenicity Dose-Response Assessnent for Aniline

Summary

The wei ght - of - evi dence cl assifications for aniline are G oup
C- Possi bl e Human Carci nogen and Limted evidence for
mut agenicity. The CAG unit risk value is 7.4x10°° (ug/nf) !  The
CAG val ue was obtained in a phone conversation with Charles Ri s
(9-17-86). The DEP unit risk value, calcul ated based on the
i nci dence of spl een hemangi osarcoma in nmale rats in the National
Cancer Institute feeding study (NC, 1978g), is 7.09x10°
(ug/n?)"t.  This unit risk value is adopted by the DEP for use in
ri sk assessnent of inhalation exposure.

| nt roducti on

The wei ght - of - evi dence desi gnation of aniline as G oup
C- Possi bl e Human Carci nogen derives fromthe NCI study (NCl
1978g) which shows malignant tunors at nultiple sites in a single
species. Oher studies were cited by | ARC as i nadequate for
eval uation (I ARC, 1982a), and the I ARC concl uded that there was
limted ani mal evidence and i nadequate human evi dence. The NTP
report is the only study used by the DEP for quantitative
dose-response assessnent. The docunentation for the CAG unit
ri sk value was not available at the tine of this witing, but is
probably based on the NTP study. Because the EPA docunentation
was not avail able, the DEP perforned this dose-response
assessnent using the NCI study. This study used aniline
hydrochl oride m xed into the animal feed. It is assuned that the
carcinogenic activity of aniline hydrochloride is due to aniline.
A new study of aniline was listed as approved for toxicol ogy
study in the 9-86 NTP Managenent Status Report but was not |isted
in the 1-87 status report (NTP, 1986a, 1987).

DEP Unit Risk Calculation Using the NCI Study (NC, 1978q)

In the NCI study, F344 rats were fed diets containing 0.3 or
0.6 percent aniline hydrochloride and B6C3F1 mce were fed diets
containing 0.6 or 1.2 percent aniline hydrochloride. These diets
were fed to the animals from 6 weeks of age till 109 weeks of
age, when all surviving animals were sacrificed.

No statistically significant effect of treatnent on survival
occurred in any group. Body weight gain was significantly
reduced in the male mce but not in any other group.

I ncreases in the tunor incidence at several sites were
considered to be significant by the NCI. 1In nmale rats increases
i n spl een hemangi osarcoma, spleen fibroma or sarcoma NOS, and
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fibroma or sarcoma NOS of nmultiple organs were observed.

I ncreased fibrosarcoma or sarcoma NOS at nultiple organ sites
occurred in female rats. There were no statistically
significantly increased tunors in the dosed mce. The
statistically significant increase in adrenal neoplasns in nmale
rats was not considered by the NCI to be biologically significant
due to the variabl e spontaneous occurrence of these tunors.

Nonneopl asti ¢ pat hol ogy was al so observed in treated rats
including papillary hyperplasia and fibrosis of the splenic
capsul e.

Alifetime average daily dose (LAD) was cal cul ated using the
equations reported by Crouch (1983), and is listed in Table 1
The equations of Crouch are used by DEP to cal cul ate dose for
feeding studies when there is no reported estimte of dose based
on neasurenent of food consunption. The lifetinme average daily
dose was expressed as aniline rather than aniline hydrochloride
by multiplying the cal cul ated dose by 93.1/127.6, which is the
ratio of the nol ecular weights of aniline and aniline
hydrochl ori de. The doses are scal ed between speC|es by surface
area scaling by nultiplying the LAD by (70/b.w.) Y3 with b.w
equal to the the term nal body weights of animals in a particular
dosed group. The surface area scaled LADis listed in Table 1
and is used for dose-response nodeling.

The tunor incidence data for the sites used in dose-response
assessnent are listed in Table 1. The nultistage nodel was fit
to the data in Table 1 and the 95% upper confidence |imt on the
linear termis used as the estimate of carcinogenic potency for
each site. The potencies are listed in Table 2. There is no need
for an adjustnment for less than |ifetinme exposure because the
experinment |asted | onger than the nom nal 104 week |ifespan of
the rat.

The carci nogeni c potency for the male rat spl een
hemangi osarcoma is the nost sensitive of the sites anal yzed and
is used for calculation of a unit risk value for inhalation
exposure. The nonneopl astic pathology reported in the spleen in
this study is not considered to be sufficient to invalidate the
dose-response assessnent, in view of the | ow spontaneous
incidence at this site. The carcinogenic potency at this site is
2.48x10°% (gl kg/ d) !

The unit risk for inhalation exposure is cal culated assum ng
a 70 kg person breathing 20n?/d at a concentration of 1 ug/nt as
fol | ows:

2.48x10°%2 x 20 n? x 1 X 1mg = 7.09x10°° (ug/n?)?
(ng/kg/d)"* d 70 kg 1000 ug
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Di scussi on

The unit risk calculation for aniline was consistent with DEP
procedures (Appendi x D) and EPA guidelines (EPA, 1986b). Aniline
has been shown to be carcinogenic in only one species and is
classified by I ARC as group 3. According to the EPA guidelines
(EPA, 1986b) and the DEP procedures, chemcals in
wei ght - of - evi dence Group C are assessed on a case-by-case basis
with regard to the adequacy of the data for quantitative
dose-response assessnent. In this case, the evidence is
strengt hened by the occurrence of relatively rare tunors in both
mal e and female rats at nmultiple sites, and with positive
dose-response at both doses at each site. Therefore the data are
considered to be adequate for dose-response assessnent. There
are no additional data to account for dose, route, or
speci es-specific effects on carcinogenic potency. It is
t herefore assuned that | owto-high dose, route-to-route, and
speci es-to-speci es extrapolations are valid. This approach is
consistent wwth the DEP position that these assunptions are a
reasonabl e approach to dose-response assessnent in the absence of
additional data. Because the assunption of direct route-to-route
extrapol ati on was nmade, the carcinogenic potency cal cul ated here
can be applied to oral exposures.

The unit risk value derived by CAGis very simlar to the DEP
val ue and is probably based on the sanme study. Because the
docunentation of this calculation has not been reviewed, the DEP
val ue i s adopted.



Table 1. Tunor Incidences and Dose Cal cul ation for Dose-Response
Assessnment of Aniline Using NCI Feeding Study

Mal e rat Femal e rat
B Dose Dose
Dose Cal cul ation Control Low H gh Control Low High
Di et concentration (ppm 0 3000 6000 0 3000 6000
LAD ( g/ kg/ d) 0 109 221 0 145 297
Surface area adjusted 0 18.5 37.1 0 20.9 41. 2

LAD ( g/ kg/ d)

Tunmor | nci dences

Spl een henmangi osar coma 0/ 25 19/50 20/ 46

Spl een fibrosarconma or 0/ 25 7/ 50 9/ 46
sarcoma NCS
Mul ti pl e organs 0/ 25 2/ 50 9/ 48

fibrosarcom
or sarcoma NOS

Spl een, body cavity, or 0/ 24 1/50 7/50
mul ti pl e organs
fibrosarcoma or
sarcoma NOS

Tabl e 2. Carcinogenic Potency Estimates for Aniline Using the NC
Feedi ng Study

Tunor Site Pot ency
(mg/ kg/ d)"*

Mal e Rat

Spl een hemangi osar cona 2. 48x10°2
spl een fibrosarcoma or sarcoma NOS 9. 84x10°3
mul ti ple organs fibrosarcoma or sarcoma NOS 5.91x10°3
Femal e Rat

Spl een, body cavity, or multiple organ 3.78x10°3

fi brosarcoma or sarcoma NOS
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Carci nogenicity Dose-Response Assessnent for Asbestos

Summary

The wei ght - of - evi dence for asbestos is Goup A for
carcinogenicity and ND for nutagenicity. The data on
carcinogenicity have been reviewed and cancer risk estimted by
the EPA (EPA, 1986d), the Cal DHS (Cal DHS, 1986b), and ot hers.
The EPA uses the avail abl e epi dem ol ogi cal data to provide
separate estimates of risk of mesothelioma and | ung cancer for
mal es and femal es according to snoking habits. R sk estimates
are cal cul ated based on age at first exposure and duration of
exposure for different asbestos concentrations. The DEP el ected
to use the approach used by the EPA/ OAQPS to establish a cancer
unit risk value. The value used by the OAQPS and adopted by the
DEP is 7.6x10%(ug/n?) ' or 2.3x10°*(f/m )"t ~ This value is based
on the conbined risks of |ung cancer and nesothelioma due to
lifetime exposure starting at birth, using the average val ues for
mal es and femal es and wi t hout considering snoking habits. This
value is adopted by the DEP for use in risk assessnent of
i nhal ati on exposure.

Background and D scussi on

The wei ght - of - evi dence cl assification for carcinogenicity is
based on the denonstration of cancer in humans exposed by
i nhal ation to asbestos in several epidem ol ogical studies. The
carcinogenicity data are reviewed by I ARC (I ARC, 1977) and in the
EPA Ai rborne Asbestos Health Assessnent Update (EPA, 1986d).
Thi s docunent was prepared for the EPA by Dr. WIlliamJ.
Ni chol son. There are 14 different studies cited with data that
are useful for quantitative dose-response assessnent of asbestos.
The studies and nmet hods used are described in detail in the EPA
docunent. The unit risk is calculated for |lung cancer from 14
studies and for nesothelioma from4 studies. Based on these
results a single unit risk value was chosen for each form of
cancer and used to calculate lifetinme cancer risk for males and
femal es according to snoking habits for different exposure
scenari os. The exposure scenarios considered included 2 exposure
concentrations, five different ages of onset of exposure, and
five different exposure durations.

For the purpose of selection of a unit risk value for use in
deriving an AAL, the procedure and cal cul ati ons used by the
EPA/ CAQPS were adopted by the DEP. This information was obtai ned
fromBrenda L. Riddle of the EPA/QAQPS in a phone conversation
(3-11-87) and froma copy of a nenbo witten by Brenda R ddl e and
dated 2-19-87. The details of this calculation are presented
bel ow.

E-11



The cancer risks listed in table 6-3 of the EPA docunent
(EPA, 1986d) are used. For lifetinme exposure to 0.01 (f/m) wth
an age of onset of exposure at birth, the following lifetine
ri sks per 100, 000 persons are reported:

Mal es Fennl es
Lung cancer 192. 8 275. 2
Mesot hel i oma 170.5 52.5
Tot al 363. 3 327.7

The average of the values of total risk (lung cancer and
nmesot helioma) is obtained with the val ues weighted for the
conposition of the current U S. population (49% mal e and 51%
femal e):

(363.3 x 0.49) + (327.7 x 0.51) = 345.2.

This is the risk fromlifetinme exposure to 0.01 f/m per 100 000
persons, which is equal to a lifetine risk of 0.345 (f/m)*. To
obtain the values listed in Table 6-3 (EPA, 1986b) the 40 hr / wk
ri sks calculated fromthe epidem ol ogi cal exposures were
multiplied by 4.2 (=168hr/wk / 40hr/wor kweek). The EPA/ QAQPS
prefers to scale from occupati onal exposure to environnental
exposure based on the relative dose received, which is calcul ated
based on estimates_of the anount of air breathed. The OAQPS
assumes that 140 n? of air is breathed per week (20 n?/d) and
that 50 n¥/wk is breathed during the occupational time period (10
m/d). The lifetime risk value is therefore converted back to an
occupati onal exposure by dividing by 4.2 and then scaled to a
conti nuous exposure by multiplying by 140/50. The resultlng
value for the lifetime cancer risk is 2.3x10°* (f/ni)?!

This risk value is expressed as per fiber per m based on
counting of asbestos fibres by phase contrast m croscopy (PCM
because this nmethod of neasurenent was used in nost of the
epi dem ol ogi cal studies. Based on an assessnent of the data
relating fibre counts to mass, the EPA recommends the use of a
conversion factor of 30 (ug/n?)/(f/n1) This value is the
geonetric nean of 6 studies and the range of values was 5 to 150,
showi ng the uncertainty of this conversion. Despite this
uncertainty the EPA recommends the use of this value at this
time. Using this value, the lifetinme cancer risk for asbestos
is:
2.3x10°Y(f/m) Y 30(ug/ M)/ (f/m) = 7.7x10°® (ug/n?) !

The cal cul ati ons done here are based on optical fiber counts
usi ng phase contrast mcroscopy. This is done because the
epi dem ol ogi cal investigations for the nost part use PCM
measurenents. Most recent environnental neasurenents have been
made using transm ssion el ectron mcroscopy (TEM. Conpari sons
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of PCM and TEM fibre counts yield very poor correl ations and
there is no concensus about how to convert between these two
nmeasures of asbestos concentration (EPA, 1986b and per Brenda
Riddle). The EPA has not yet made a decision on this issue. The
EPA/ OAQPS wi I | use a unit risk value expressed as nmass of
asbestos in the NESHAP process because em ssion estimtes are
obtained in mass units. The California asbestos assessnent

(Cal DHS, 1986b) estinmates that there are 100-1000 TEM fi bres per
PCM fibre. The PCM neasurenent generally includes only fibers
nmore than 5 umlong or nore than 0.3 umw de and the TEM

measur enent includes much smaller fibres.

The cancer risk presented here is calculated to represent the
average over the U S. population. It is known that a significant
positive interaction occurs between snoking and asbest os exposure
such that the risk of lung cancer is increased disproportionately
W th exposure to both agents. Thus, this unit risk value wll
overestimate the risk to sone nenbers of the population while
underestimating the risk to others. The risk to nmale snokers,
femal e snokers, and males (w thout regard to snoking habits) is
15, 11, and 5% greater than this |level, based on the data in the
EPA docunment. Simlarly, the risk to femal e and mal e nonsnokers
are 84 and 70% respectively of the risk value as obtai ned above.

The risk values recormmended by the EPA are not 95% upper
confidence limts. Although the EPA policy is normally to use
t he 95% upper confidence Iimt, the maxi mum|ikelihood estimte
is often used when the unit risk is based on human data. The
California DHS presents the MLE and the 95% UCL as the range of
unit risk values when human data are the basis of the
dose-response assessnment. The DEP policy is to adopt EPA
recommendations in nost cases. The DEP will therefore adopt the
unit risk value and conversion factor recommended by the EPA as
cal cul ated by the EPA/ QAQPS, for assessnent of inhalation
exposure. The unit risk value for asbestos inhalation should not
be used to derive a unit risk for ingestion exposure.
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Car ci nogeni city Dose- Response Assessnent for Benzene.

Summary

The wei ght - of - evi dence cl assifications for benzene are G oup
A- Human Car ci nogen and Sufficient for nutagenicity. The CAG unit
risk value is 8.1x10° (ug/n?)"*. This value is based on
epi dem ol ogi cal studies of exposed workers (EPA, 1985l). The
California Departnment of Health Services (Cal DHS, 1984) el ected
to calculate a unit risk value based on the NTP gavage study
because of unresol ved questions about the eplden1olog|cal studi es
used by the CAG The CalDHS unit risk value is 5.3x10°
(ug/n?)"*.  The unit risk value adopted by the DEP for risk
assessnent of inhal ation exposure is the CAG val ue, 8.1x10°°

(ug/ )

Background and D scussi on

The designation of weight-of-evidence for carcinogenicity of
benzene as Goup A derives fromthe finding of |eukema in
exposed humans as reviewed by | ARC (I ARC, 1974b). The | ARC
concl uded that sufficient human evi dence exists (I ARC, 1982c) and
t he EPA used an epidem ol ogical study as the basis of their
quantitative dose-response assessnent. There is also sufficient
ani mal evi dence as shown by the positive carcinogenic response in
mal e and female rats and male and female mce in the NTP study
(NTP, 1986f).

The dose-response assessnment done by the CAG is based on
human studies. The current value for unit risk is provided in
the table of relative carcinogenic potencies in the recent Health
Assessnent Docunents (EPA, 1985d) and was confirned in a phone
conversation wth Charles Rs of CAG (12-9-86). The
docunentation of this value has not yet been obtained by the DEP.

The current CAG reconnEnded value is a change fromthe previous
val ue of 7.4x10°° (ug/n?) ! which was reconmended in the Super fund
Heal t h Assessnent Docunent for benzene (EPA, 1984h) and listed in
t he ol der Fbalth Assessnent Docurments (EPA, 1984g), and the val ue
of 1.5 x 10°° (ug/nt) ' which is discussed in the Water Quality
Criteria docunment (EPA, 1980a).

The Cal DHS revi ewed t he CAG assessnent (Cal DHS, 1984; EPA
1979c) and el ected to use the NTP ani mal study for dose-response
assessnent. The Cal DHS cited several criticisnms of the CAG
assessnent, including choice of population for cal cul ati on of
background rates, the use of total |eukem as as an endpoint, and
uncertainties in the exposure data, as reasons for their decision
not to use the human data for dose-response assessnent. The
Cal DHS unit risk value is based on the nmal e nouse prepubital
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gl and tunors.

The CAG unit risk value is preferred by DEP because it is
based on human data. The EPA has recommended different
carci nogeni ¢ potency values for oral and inhal ati on exposure and
it is therefore not recommended that the value derived from
i nhal ati on exposures be used to derive unit risk values for other
routes of exposure.
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Carci nogenicity Dose-Response Assessnent for Benzyl Chloride

Summary

The wei ght - of - evi dence cl assifications for benzyl chloride
are G oup B2-Probabl e Human Carci nogen and Sufficient for
nmut agenicity. The evidence for carcinogenicity was reviewed by
| ARC (1 ARC, 1982b) and was classified as limted at that tine.
The current weight-of-evidence classification was assi gned by DEP
based on the finding of malignant tunors in rats and m ce exposed
by gavage (Lijinsky, 1986). No dose-response assessnent is
avai l able fromthe EPA at this tinme. The CAG prelimnary
assessnment (EPA, 1979b) found no data sufficient for quantitative
dose-response assessnment. The EPA stated at that tine that
benzyl chloride was a suspect carcinogen and a direct-acting
al kyl ati ng agent. The Rhode |Island DEM has a draft unit risk
value of 7.1 x 10> (ug/n?) ! which is based on thyroid C cell
carcinoma in female rats fed benzyl chloride (Lijinsky, 1986).
The DEP has not obtained the docunentation of this value at the
time of this witing. The value was obtained in a tel ephone
conversation wth Barbara Mirin (2-2-87) and the docunentation is
forthcomng. The DEP will review the Rhode |Island assessnent and
may adopt it contingent on its consistency with the DEP
procedures. There is no unit risk value adopted by the DEP at
this tine.
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Carci nogenicity Dose-Response Assessnent for Beryl!lium

Summary

The wei ght - of - evi dence cl assifications for berylliumare
G oup Bl- Probabl e Human Carci nogen and ND for nutagenicity. The
G oup Bl wei ght-of-evidence for carcinogenicity is based on
mul ti ple positive animal experinents and several human
epi dem ol ogi cal studies, as reviewed by I ARC (I ARC, 1980, 1982c).
The | ARC concluded that there is limted human evi dence and CAG
j udged the human evidence to be "limted to inadequate” with the
final classification being Goup B2. The nost recently published
information from CAG was the draft Health Assessnment Docunent for
Beryllium (EPA, 1986a). In this draft docunent the human data
are determned to be inadequate for quantitative dose-response
assessnent, but are used to calculate a plausible upper bound
The upper bound risk cal cul at ed by EPAis 2.4 x 10°° (ug/n’) ! and
i's based on occupational exposures to Be conpounds of | ow
solubility. The human data are preferred by CAG because the
animal data are not consistent with the human experience in that
the potencies resulting fromthe animal studies are nuch higher.
The CAG considered the difference in human and animal results to
be due to the chemcal form Animal studies with different Be
conpounds show that the carcinogenic potency is related to the
solubility, with the | ess sol uble Be conpounds being | ess potent
carci nogens. The potency estimted from ani mal studies using
| ess sol ubl e Be conpounds agrees nore closely with the esti mated
human upper bound. The recomendation in the draft HAD is that
t he human upper bound of 2.4 x 10°° (ug/n?) ! be used unless the
em ssion contains nore than a small fraction of nore sol uble
forms, in which case "consideration should be given to noting the
ani mal based estimates”. The HAD al so notes that 95% of
at nospheric Be is fromcoal fired power plants and is emtted as
an insol ubl e oxi de.

The information in the draft HAD is currently under review by
t he EPA Science Advisory Board. The DEP will follow the final
recommendati ons of CAG when they are released. In the interim
the upper bound unit risk of 2.4 x 10°® (ug/n?)"* will be used for
ri sk assessnment of inhalation exposure with recognition that this
nunber may change in the next year, and that the nunber applies
0 "l ess soluble" Be conpounds. |f soluble Be conmpounds are
emtted the carcinogenic potency should be eval uated based on the
CAG cal cul ations using ani mal data (EPA, 1986a). More soluble
forms of Be include, but are not limted to, the fluoride,
phosphate, sulfate and chl ori de. Less sol uble forns include,
but are not limted to, beryl ore and beryllium oxides.

The dose-response assessnent is based on an inhalation
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exposure. The carcinogenic activity fromother routes of
exposure woul d be expected to be considerably different and the
carci nogeni ¢ potency val ue should not be used for other routes of
exposur e.
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Carci nogenicity Dose-Response Assessnent for 1, 3-Butadi ene

Summary

The wei ght - of - evi dence cl assifications for 1, 3-butadi ene are
G oup B2- Probabl e Human Carci nogen and ND for nutagen|C|ty The
CAG unit risk value for 1,3-butadiene is 2.9 x 10°* (ug/ n?
(0.64 ppm?*) (EPA, 1985k), and is based on the NTP |nhalat|on
st udy (NTBf 1984b). The DEP will adopt the CAG unit risk val ue
(2.9 x 10°* (ug/m?)"Y) for risk assessment of inhalation exposure
to 1, 3-but adi ene.

Background and D scussi on

The wei ght - of - evi dence desi gnation of G oup B2 was assigned
by the EPA (EPA, 1985k) and is based on the finding of tunors in
mul tiple species and at nmultiple sites in animal studies. The
NTP currently has in progress a chronic inhalation study in mce
and pre-chronic inhalation studies in rats (NTP, 1987).

The NTP inhalation study in mce (NTP, 1984b) provides
informati on on which to base a dose-response assessnent.
I nhal ati on of 625 and 1250 ppm caused significant el evation of
tunors at nmultiple sites in both nmale and fenal e m ce.
Specifically, the CAG assessnent uses tunor incidence data based
on the pool ed incidences fromseveral sites that had
significantly el evated tunor incidence, as proposed in the EPA
Qui del i nes (EPA, 1986b). The CAG assessnent al so uses enpirical
data relating the exposure concentration to the internal dose,
based on a study being done for NTP at the Lovel ace Inhal ation
Toxi col ogy Research Institute (NTP, 1985c; cited in EPA, 1985k).
The CAG assessnent al so uses the geonetric nean of the potency
frommal e and femal e m ce.

The CAG assessnent assunes that absorption of 1,3 butadiene
in humans at | ow concentrations will be 54% This is derived
fromthe Lovel ace Study (NTP, 1985c; cited in EPA, 1985k) in
whi ch m ce exposed to 7 ppm (the | owest concentration used) for 6
hours retai ned 54% of the inhal ed dose. As discussed in Appendi x
D, and by Anderson (1981), the theoretical maxi mumretention at
very |l ow concentrations is approximately 70% for chemcals with
| ow water solubility and high blood:air partition coefficient.
This theoretical maximumresults froma nearly conplete
absorption of the alveolar ventilation (70% of the total
ventilation) at |ow concentrations. The 54% absorption thus
slightly underesti mates the dose and hence the risk at a given
air concentration. However, as stated by EPA-CAG the use of
54% absorption "will not cause a | arge underesti mate of the risk"
and the CAG unit risk value will be used w thout adjustnent.
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Carci nogeni city Dose-Response Assessnent for Cadm um

Summary

The wei ght - of - evi dence cl assifications for cadm um are G oup
B1- Probabl e Human Carci nogen and ND for nutagenicity. Thi s
wei ght - of - evi dence cl assification was assigned by EPA CAG
derived a unit risk value for cadmiumof 1.8 x 10°® (ug/n?) !
(EPA, 1985c) based on a study of respiratory cancer in snelter
wor kers (Thun et al., 1985). The California Departnent of
Heal t h SerV|ces (CaIDHS 1986a) cal culated a unit risk val ue of
1.6 x 102 (ug/ nt) ! based on the same study. ~ The DEP will adopt
the CAG unit risk value (1.8 x 102 (ug/n?) ') for use in risk
assessnent of inhal ation exposure.

The CAG assessnent of a positive animal study of inhalation
exposure to rats resulted in a potency which was nuch hi gher than
the potency fromthe epidem ol ogi cal study. The basis for this
difference is not known and the CAG recommends use of the potency
fromthe epidem ol ogi cal data.

There is currently no basis on which to distinguish the
carci nogeni c potency for different chem cal forns of cadm um
The CAG value will be applied to total airborne cadm um

The avail abl e data suggest that the carcinogenic potency of
ingested cadmumis at least 50 fold | ess than by inhalation
exposure. The unit risk value cited should therefore not be used
to derive unit risk values for other routes of exposure.
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Carci nogenicity Dose-RResponse Assessnent for Carbon Tetrachl oride

Summary

The wei ght - of - evi dence cl assifications for carbon
tetrachloride are G oup B2-Probable Human Carci nogen and
qgestlve for mut agenicity. The CAGunit risk value is 1.5 x
(ug/ n? (EPA 1984f) The DEP wi |l adopt the CAG unit risk
value (1. 5 x 107° (ug/n?) Y for use in risk assessnent of
i nhal ati on exposure to carbon tetrachl ori de.

Background and D scussi on

Carbon tetrachloride is designated as a Probabl e Human
Car ci nogen based on the occurrence of |iver cancer in exposed
animals of multiple species (IARC, 1982c; 1979b) and on the | ARC
conclusion that there is sufficient animal evidence (IARC,
1982c) . This classification was al so assi gned by EPA

The basis for the CAGunit risk value is described in the

Heal t h Assessnent Docunent for Carbon Tetrachl oride (EPA, 1984f).
The unit risk value is the geonetric nean value fromfour ani nal
studies including two using mce, one using hansters and one
using rats (Della Porta et al., 1961; Edwards et al., 1942; NC
1976a, 1976b, 1977a). Three of these studies would be inadequate
for quantitative dose-response assessnent based on currently
accepted criteria. The Della Porta et al. (1961) study had only
19 animals in the treated group and in the Della Porta et al.
(1961) and Edwards et al. (1942) studies, the durations of
exposure and duration of experinment were too short for use in
dose-response assessnent (i.e. not a majority of the |ifespan).
In the NCI rat study, only | ow dose fermales had significantly
i ncreased tunors and the CAG assessnent pool ed mal e and fenal e
rats which were exposed to different dose |evels. The NCI nouse
study is also less than ideal for quantitative assessnent because
the response was 100% in the | ow dose group and 97%in the
hi gh- dose. This pattern results in a poor fit with the
mul ti stage nodel and gives no information about the shape of the
dose-response curve (EPA, 1984f).

A unit risk value is calculated for carbon tetrachloride to
be consistent with the DEP policy to use quantitative
dose-response assessnent for chem cals which have
wei ght - of - evi dence desi gnation of G oup B. It is understood
that the data have sone limtations with regard to their use for
quantitative dose-response assessnent but the limtations are not
considered to be substantial enough to invalidate the
quantitative assessnent.

E-21



Carci nogenicity Dose- Response Assessnent of Chl ordane

Summary

The wei ght - of - evi dence cl assifications for chlordane are G oup
B2- Probabl e Human Carci nogen and Limted Evidence for
nutagencity. The CAG cal cul ated a carcinogeni c potency of 1.61
(my/ kg/d) - as part of the Anbient Water Quality Criteria
Docunent for Chlordane (EPA 1980f) based on the | RDC nouse study
(Epstein, 1976). The current EPA unit risk value is based on
the results fromboth the I RDC study and the 1977 NCI nouse
st udy, The EPA unit risk value for inhalationis 3.7 x 107
(ug/nt) ' and is based on the geonetric nmean fromfour data sets
(EPA, 1987a). The DEP wi |l asopt the current EPA unit risk
val ue for use in risk assessnent of inhalation exposures: 3.7 X
10°° (ug/ ) .

Background and D scussi on

The carcinogenicity wei ght-of-evidence is based on the increase
inliver tunors in mce in tw studies (NC,1977b; Epstein,
1976), as reviewed by | ARC (1979b). Two ot her studi es show ng
evi dence of carcinogenicity for chlordane were revi ewed by EPA
(1987a) . The ani mal evi dence had been classified as "limted"
by I ARC (1982c), but EPA has concluded that the ani mal evidence
is "sufficient”, resulting in the classification of chlordane as
G oup B2- Probabl e Human Carci nogen.

The EPA cal culation of unit risk is summarized in IRIS (EPA,
1987a) . Four studi es show ng evidence of liver tunors in
exposed ani mals were revi ewed. The unit risk value is derived
as the geonetric nean using four data sets fromtwo studies.
The data sets used were the liver carcinonas in male and fenal e
mce in the RDC and NCl studies.

The liver tunors in both studies occurred wth high incidence,
were malignant, and exhi bited good dose-response at two dose
| evel s. These studies may be considered | ess than ideal for
dose-response assessnent because:

- tunmors occurred at a site which has a hi gh spontaneous
i nci dence and which is a target organ for the agent.

- tunors occurred in a single species

- tunors occurred at a single site.

However, the first point is mtigated by the fact that one study
showed increased tunors in a strain of mce that does not have a
hi gh historical incidence of liver tunors (EPA, 1987a). Beni gn
tunors or neopl astic nodul es have been observed in rats exposed
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to chl ordane and malignant tunors were observed in severa
strains of rats, indicating that the response is not species-or
strain-specific. The data are therefore considered to be
adequate for dose-response assessnent.

The CAG assessnent uses gavage studies to calculate a unit risk
val ue for inhal ati on exposure. This assunes that there are no
route-specific effects on carcinogeni c potency. As described in
Appendi x D, this assunption is considered reasonabl e. Because
t he potency value is based on a gavage study, it can be used to
derive unit risks for other routes of exposure.
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Carci nogenicity Dose-Response Assessnent for Chl orobenzene

Summary

The wei ght - of - evi dence cl assifications for chl orobenzene are
G oup G Possi bl e Human Carci nogen and ND for nutagenicity.
There is no dose-response assessnment from CAG or from any ot her
source known to the DEP at this tine. According to the EPA
gui del i nes and DEP procedures, chem cals in weight-of-evidence
G oup C are evaluated on a case-by-case basis with regard to
t heir adequacy for dose-response assessnent. Based on the
criteria used by DEP, the NTP study is not considered to give a
reliable estimate of the carcinogenic potency of chl orobenzene
and no unit risk value is adopted by the DEP at this tine.

Background and D scussi on

The wei ght - of - evi dence desi gnation for chl orobenzene is
assi gned by DEP based on the production of rat |iver neoplastic
nodul es in the NTP gavage study (NTP, 1985a). There has not
been a review of carcinogenicity data for chl orobenzene by | ARC
and there are no other studies which are adequate for
dose-response assessnent known to DEP at this tine. The
designation Goup Cis based on the production of tunors in a
singl e species, and on the fact that only neoplastic nodul es were
produced and these |lesions are not considered to be a malignant
response.

The DEP performed a quantitative dose-response assessnent
using the standard procedures (see Appendi x D). The mal e rat
showed the only increase in tunors and the incidences of
neopl astic nodul es was 2/50, 4/49 and 8/49 in rats dosed with O,
60 and 120 ng/ kg/d for 5 days per week for 103 weeks. The
surface area adjusted |ifetine average daily doses wer e 0, 8.01
and 16. 02 and t he carcinogenic potency was 1.90 x 102
(ng/ kg/ d) * The unit rlsk for inhal ati on exposure based on
this site was 5.43 x 10°® (ug/ m)*

Consi stent with the EPA guidelines (EPA, 1986b), the DEP
procedure is to evaluate chemcals with Goup C
wei ght - of - evi dence on a case-by-case basis with regard to the
adequacy of the data for quantitative dose-response assessnent.
The NTP study is considered to be inadequate for dose-response
assessnent because:

- tunors at a single site/single sex/single species

- only liver neoplastic nodul es which are considered to be
nonmal i gnant

- increase in tunors in the high-dose group only

E- 24



Based on these considerations, the unit risk cal cul ated based
on the NTP study is not considered to be a quantitatively
reliable estimate of the carcinogenic risk due to chl orobenzene
and is not adopted for use.
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Carci nogenicity Dose-Response Assessnent for Chl orof orm

Summary

The wei ght - of - evi dence cl assifications for chloroformare
G oup B2- Probabl e Human Carci nogen and Suggestive for
mut agenicity. The CAG unit risk value is 2.3 x 10> (ug/n) !
(EPA, 1985i). The CAG value is based on data sets from mal e and
femal e nouse liver tunors fromthe NCl study (NC, 1976a).
Adj ustnments are al so made to incorporate pharnmacoki netic data
rel ati ng adm ni stered dose to netabolized dose in the CAG
anal ysis. The DEP adopts the CAG unit risk value (2.35 x 107°
(ug/nt) 1Y) for risk assessment of inhalation exposure.

Background and D scussi on

The desi gnation of weight-of-evidence Goup B for chlorof orm
i's based on positive responses in rats and mce in the NC study
(NCI, 1976a) as reviewed by I ARC (I ARC, 1979b). The I ARC
concl uded that there was sufficient animl evidence for
chl oroform (I ARC, 1982c). The basis for the CAG unit risk val ue
is described in the final Health Assessnent Docunent for
Chl orof orm (EPA, 1985i). The CAG evaluated five data sets
including mal e and fermal e nouse liver tunors and mal e rat ki dney
tunors fromthe NCI study (NCI, 1976a) and two ot her gavage
studies resulting in kidney tunors in male mce (Roe et al.

1979) and kidney tunors in nmale rats (Jorgenson et al., 1985).
The CAG el ected to use the geonetric nmean of the nmale and femal e
mouse liver tunors fromthe NC study. The CAG al so

incorporated a limted anmount of pharnmacoki netic data descri bing
t he anmount of gavage dose which is excreted unnetabolized.

The CAG uses the nean potency val ue of two data sets and uses
data which define the anpbunt of the gavage dose that is
nmet abol i zed. The CAG unit risk value assunmes 100% absor pti on of

i nhal ed doses at |ow air concentrations. As discussed in the
DEP procedures (Appendix D), this may overestimate the true
absorption of a partially soluble gas. The data fromthe

studi es anal yzed by CAG and DEP are | ess than ideal for use in
guantitative dose-response assessnent because both the ki dney and
the liver show extensive nonneopl astic pathol ogy and the nouse
Iiver has a high spontaneous tunor rate. However, consi stent
with DEP and EPA policy, quantitative dose-response assessnment is
general ly done for chem cals which are categorized as Probabl e
Human Car ci nogens. The CAG val ue is adopted for use because the
CAG assessnent incorporates netabolismdata and because the DEP
agrees with the CAG use of these data.

The CAG assessnent uses gavage studies to calculate a unit
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ri sk value for inhalation exposure. This assunes that there are
no route-specific effects on carcinogeni c potency. As descri bed
Appendi x D, this assunption is considered to be reasonable.
Because the carcinogenic potency is based on a gavage study, it
can be used to derive unit risks for other routes of exposure.
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Carci nogenicity Dose-Response Assessnent for Chrom um and
Chr omi um Conpounds

Summary

The wei ght - of - evi dence cl assifications for ChromumIll and
Chrom um netal are D-Not C assifiable as to Human Carci nogenicity
and ND for nutagenicity. The carcinogenicity weight-of-evidence
classification is Goup A-Human Carcinogen for hexaval ent
chrom um and is G oup Bl-Probable Human Carcinogen for chromc
acid. The CAGunit risk value for hexaval ent chromumis 1.2 X
102 (ug/ m) "t (EPA, 1984e). This value is based on an
epi dem ol ogi cal study (Mancuso, 1977). The DEP wi |l adopt the
CAG unit risk value for use in risk assessnent of inhalation
exposure to hexaval ent chrom um

Background and D scussi on

The desi gnation of weight-of-evidence for hexaval ent chrom um
i's based on positive epidem ol ogi cal data showi ng cancer in
chrom um exposed workers and on the basis of positive aninmal
studies with several chrom um conpounds as revi ewed by | ARC
(I'ARC, 1980). The data regarding carcinogenicity due to chrom um
metal were found by I ARC to be inadequate for evaluation (IARC,
1980). The studies reviewed by | ARC show positive ani mal
evi dence for several hexaval ent chrom um conpounds. Evidence for
carcinogenicity of several chromumIlIl conpounds and several
ot her chrom um VI conpounds were al so found to be inadequate.

The epi dem ol ogi cal data denonstrate the carcinogenicity of
chrom um exposure in humans. Al though the carcinogenicity of
different chem cal forns or oxidation states cannot be
di stingui shed on the basis of these studies, it is believed that
vari ous hexaval ent chrom um conpounds are the etiologic agent in
human cancer (1 ARC, 1980; EPA, 1984e). The CAG unit risk for
hexaval ent chromumof 1.2 x 10°? (ug/n?) ! is based on the
Mancuso et al. (1977) study and assunes that the exposures were
to hexaval ent chromum The California Departnment of Health
Servi ces recommends a unit risk for hexaval ent chromiumof 1.2 Xx
1072 (ug/m) > with an upper limt of 1.5 x 10! (ug/n?) ' (Cal DHS,
1985b). The California value is also based on the Mancuso 1977
study and the upper limt is based on the assunption that the
exposures in the Mancuso study were conprised of 1/7th hexaval ent
chrom um and t hat hexaval ent chrom um was responsi ble for the
carci nogeni c effect.

DEP will consider that the CAG unit risk is reasonably
applicable to any chem cal form of hexavalent chromum There is
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no evidence for carcinogenicity of inhaled netallic chrom um or

chromum |11 conpounds. Chrom um car bonyl was listed as
approved for toxicology study in the 6-86 NTP managenent status
report, but was not listed on the 1-87 report. The carci nogenic

potency is derived frominhal ati on exposure. The carcinogenic
activity of hexaval ent chrom um woul d be expected to be
considerably different if exposure is by other routes and the
pot ency val ue di scussed here should not be extrapol ated to other
routes of exposure.
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Carci nogenicity Dose- Response Assessnent for 1,4-dichl orobenzene

Summary

The wei ght - of - evi dence cl assifications for
1, 4-di chl or obenzene are G oup B2- Probabl e Human Carci nogen and
Limted Evidence for nutagenicity. DEP has calculated a unit
ri sk val ue based on the NTP gavage study (NTP, 1986i) using the
data fromthe male rat renal tubul ar adenocarci nona or adenona
and the mal e nouse |iver adenoma or carcinoma. The unit risks
cal cul ated on the bases of these studies are 2.4 x 10°° (ug/n?) !
for renal tunors in rats and 6.1 x 10°° (ug/n?)"! for nouse liver
tunors. The EPA has calculated a unit risk value which is al so
based on the liver tunDrs in nale mce fromthe NTP study. The
EPA value is 5.7 x 10°° (ug/n?)? This value is currently in the
process of being formally adopted by the Agency, but has not yet
been verified for inclusion in the Integrated R sk Information
System (I RI'S) database. The val ue was obtained from CAG staff.
Since the DEP and CAG values are virtually the sane, and fornma
adoption of the CAG val ue Qy EPA is immnent, the EPA unit risk
value of 5.7 x 10°° (ug/n) " * will be used by DEP for risk
assessnent of inhal ati on exposures.

Backgr ound

The carci nogenicity wei ght-of-evidence was determ ned by DEP
based on the NTP gavage study which showed significant increases
in tunors of both rats and mce (NTP, 1986i). At the tinme of the
| ARC assessnents of 1,4-dichlorobenzene (I ARC, 1974b; 1982b,
1982c) there were no positive carcinogenicity studies and the
evi dence was consi dered i nadequate for evaluation by IARC. The
recent NTP gavage study is adequate for use in quantitative
dose-response assessnent and this assessnent is presented bel ow

Calculation of Unit Risk for 1,4-dichlorobenzene using the NIP
St udy

In the NTP study, groups of male F344 rats were adm ni stered
0, 150, or 300 ng/kg/d of 1,4-dichlorobenzene and groups of
femal e F344 rats and both sexes of B6C3F1 m ce were adm nistered
0, 300, or 600 ng/kg/d of 1,4-dichlorobenzene. The doses were
adm ni stered by gavage on 5 days/week for 104 weeks, starting at
5 weeks of age.

No significant dose-related effects on body weight in any
group occurred. There was a significant decrease in survival in
the male rat high dose group but no dose-related effects on
nmortality in the other groups. Significant increases in tunors
occurred in male and female nouse livers and in nmale rat kidneys.
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In the nouse, the incidences of both benign and malignant tunors
were statistically significant and the conbi nati on of these
tunors is used for dose-response assessnent (MConnell et al.
1986). The incidences of these tunors are presented in Table 1
Al t hough the incidences of both benign and malignant tunors were
i ncreased, only the conbined incidences are presented and used
for dose-response nodeling. The adjusted incidences are derived
fromthe NTP reported adjustnents for early nortality. A
statistically significant increase in |eukema in male rats was
not considered to be biologically significant by the NTP because
it was not different than the historical control incidence.

Nonneopl asti ¢ pat hol ogy was observed at all sites of
increased tunors. Male rats showed a dose-related increase in
nephropat hy and renal epithelial cell hyperplasia, focal
hyper pl asi a of tubular epithelium and mneralization of medullar
collecting tubules. Mce of both sexes showed a dose-rel ated
increase in liver lesions including cytonegaly, karyonegaly, and
hepat ocel | ul ar degenerati on and necrosi s.

The lifetinme average daily dose (LAD) was cal cul ated as
fol | ows:

LAD = daily dose x 5/7 x 104/ 104.

For extrapol ation to human equi val ent dose the surface area
adj usted dose was cal cul ated as foll ows:

Surface area adjusted dose = LAD x (70/bw) Y3

with bw equal to the average term nal body wei ght of the group of
animals. The dose cal culations are shown in Table 2. The

mul ti stage nodel was fit using the incidences in Table 1 and the
doses in Table 2. The 95% upper confidence |limt on the |linear
termis used as the estimte of carcinogenic potency and this
paraneter is listed in Table 1

Di scussi on

The use of quantitative dose-response assessnent for

1, 4-di chl orobenzene is consistent wwth the DEP position that this
assessnment wll generally be done for chemcals in

wei ght - of - evi dence Group B. The NTP study is considered to be
adequate for dose-response assessnent and no ot her studies were

available. It is noted that all of the sites of tunor
devel opnent in this study show nonneopl asti c pat hol ogy and/ or
hi gh spont aneous tunor incidence. The carci nogeni ¢ potency of

1, 4-di chl orobenzene based on the nale nouse liver tunors is 2.13
x 1072 (ng/kg/d)"t.  The DEP cal cul ation of the unit risk for
lifeti me exposure to lug/nt of 1,4-dichlorobenzene in air is done
as follows:
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2.13x10°2 (mg/kg/ d)* x 20n?/d x 1mg = 6.1x10°° (ug/n?) !

The EPA unit risk value is also cal cul ated using the nmal e nouse
liver tunors fromthe NTP study. The unit risk calcul ated by EPA
is 5.7 x 10° (ug/m) "t  The difference between the EPA and DEP
values is due to mnor differences in the nmethod used to

cal cul ate the human equi val ent dose. The EPA val ue for unit
risk is adopted by DEP in order to be consistent with EPA risk
assessnent procedures and because the EPA and DEP val ues do not
differ significantly.

The cal culation of a unit risk value for air based on a
gavage study assunes that there are no route-specific differences
i n carcinogenic potency. There were no additional data used in
this cal cul ation describing the species-, dose-, or
rout e-speci fic pharmacoki netics of 1,4-dichlorobenzene. The
calculation of unit risk based on adm ni stered dose is consistent
with DEP procedures and is based on the assunption that
adm ni stered dose provides a reasonabl e neasure of the effective
dose in the absence of data show ng ot herwi se. Because this
dose-response assessnent is based on a gavage study and there is
assunmed to be no difference between routes of exposure, the
potency cal cul ated here can be used for other routes of exposure.
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Table 1. Tunor Incidences and Potency Val ues for
1, 4-di chl or obenzene Dose- Response Assessnent Using the

NTP St udy
Tunor | nci dence Pot ency
Cont r ol Low High (rg/kg/d)*
Rat nal e
Renal tubul ar adenonma act ual 1/ 50 3/ 50 8/50 5.46x10°
or adenocarci noma adj ust ed 2 5 14 8. 26x10°°

Mouse nul e
Hepat ocel | ul ar adenonma  act ual 17/ 50 22/ 49 40/50 2.13x10°?
or carcinoma

Mouse fenal e
Hepat ocel | ul ar adenoma act ual 15/ 50 10/ 48 36/ 50 7.44x10°
or carcinoma

Tabl e 2. Dose Cal cul ation for Dose-Response Assessnent of
1, 4-di chl orobenzene Using the NTP Study

adm ni st ered LAD surface area
dose adj usted LAD
mg/ kg/ d nmg/ kg/ d nmg/ kg/ d

Mal e rat | ow dose 150 107 20. 3
hi gh dose 300 214 40. 1

Mal e nouse | ow dose 300 214 18. 2
hi gh dose 600 428 36. 4

Fenmal e nouse | ow dose 300 214 16.5
hi gh dose 600 428 33. 4
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Carci nogenicity Dose-Response Assessnent for 1, 2-dichl oroethane

Summary

The wei ght - of - evi dence cl assifications for 1, 2-dichl oroethane
are G oup B2-Probabl e Human Carci nogen and Sufficient for
nmut agenicity. The CAG unit risk value for inhalation exposure is
2.6 x 10°°(ug/ n?) }(EPA, 1985a). The California Department of
Heal th Services calculated an upper linit unit risk of 2.2x10°°
(ug/ nt) ' (Cal DHS, 1985a). Each of these unit risk values is
based on the NCI gavage study and they differ in the details of
the calculation. The DEP will adopt the CAG unit risk value (2.6
x10°(ug/ n?)"Y) for use in risk assessment of inhalation exposure.

Background and D scussi on

The desi gnation of weight-of-evidence for 1, 2-dichl oroethane
as Goup B2 is based on the occurrence of a positive response in
both sexes of mce and rats in the NCI gavage study (NC, 1978c)
as reviewed by I ARC (I ARC, 1979b). The EPA assigned
1, 2-di chl oroethane to G oup B2 (EPA, 1985a). The toxicol ogy of
1, 2-di chl or oet hane has been thoroughly reviewed in health
assessnents perfornmed by EPA (1985a) and the California
Departnent of Health Services (Cal DHS, 1985a).

The carci nogeni ¢ potency reconmended by CAG is based on the
mal e rat hemangi osarconma in the NCI gavage study. The assessnent
was perfornmed using an adjustnment to convert adm nistered dose to
met abol i zed dose based on published data, and using a nultistage
nmodel with a tinme-to-response term which was considered to be a
nore appropriate nodel due to the presuned fatality of this
tunor. The potency calculated at this site was converted to unit
risk for air in the CAG assessnent by assum ng 100% absor ption
and netabolismof the inhaled dose at | ow concentrations (EPA,
1985a) .

Both the CAG and the California DHS al so presented assessnent
of the Maltoni et al. (1980) inhalation study. Mltoni et al.
found no increase in cancer in rats exposed to
1, 2-di chl oroet hane. Using this study, the upper bound of
carcinoqenic unit risk was calculated by CAG to be 1x10°
(ug/ nt) " and by CalDHS to be 7x10°7 (ug/n?)"!. The apparently
| ower carcinogenic potency in the inhalation study could be due
to a difference in potency between routes of exposure, or due to
the nmuch higher transient peak | evels due to gavage exposure.
However, it cannot be ruled out that the | ower apparent potency
inthe Maltoni et al. (1980) study is due to a difference in
sensitivity anong species or due to an i nadequate conversion of
the i nhal ati on exposure to netabolized dose. It is therefore
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preferable to use the assessnent based on the NCI gavage study.

The CAG assessnent assunes that the absorption and netabolism
at low doses will be 100% As discussed in Appendix D, the
absorption of a partially soluble gas with a high bl ood gas
partition coefficient would be expected to approach a theoreti cal
maxi mum of 70% based on the conplete absorption of the alveolar
ventilation which is approximately 70% of the total ventilation.
The bl ood-gas partition coefficient of 1,2-dichloroethane is
approximately 20 (EPA, 1985a) and it would be expected to foll ow
this relationship. This adjustnent is not nade by the CAG and is
not added in the DEP assessnent in the interest of consistency
wi th EPA recommendati ons, and because this adjustnent woul d have
a mnor effect on the unit risk value. Because the carcinogenic
potency is based on a gavage study, and there is assuned to be no
di fference between routes of adm nistration, the potency val ue
cited may be used for other routes of exposure.
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Carci nogenicity Dose-Response Assessnent for Dichl oronet hane
(Met hyl ene Chl ori de)

Summary

The wei ght - of - evi dence cl assifications for nethylene chloride
are G oup B2-Probable Human Carcinogen (EPA, 1985b) and
Substantial Evidence for nutagenicity. The current CAG unit risk
val ue for inhalation exposure is 4.1 x 10°° (ug/n?) ' (EPA
1985b). In two recent draft docunents however, the EPA has
reeval uated the data and incorporated informati on and nodel s
regardi ng the pharnmacokinetics of dichloronethane (EPA, 1987b,
1987c). Based on this analysis the EPA has proposed to adjust
the unit risk value to 4.7 x 107’ Thi s change has been revi ewed
by the SAB but has not yet been fornally adopted by the agency.
The DEP MA|| therefore use the existing CAG value (4.1 x 10°
(ug/ n?) ") until the new val ue has been adopted by EPA.

Background and D scussi on

The designation of weight-of-evidence for carcinogenicity as
G oup B2 is based primarily on the NTP inhalation study (NTP
1986g). At the tine of the IARC review, this study was not
avai l abl e and the I ARC concl uded that the evidence for
carcinogenicity in aninmals was i nadequate for evaluation (IARC
1979b). The toxicity of methylene chloride is reviewed in the
EPA Heal th Assessnent Docunent (EPA, 1985f) and the data on
carcinogenicity are discussed in the HAD (EPA, 1985f), and in an
addendumto the HAD (EPA, 1985b). Dichloronethane is assigned to
G oup B2 by EPA (1985b). The addendumprimarily reviews the NIP
i nhal ati on study and pharmacoki netic data which were not included
in the HAD. The NTP has a gavage study in progress; the original
gavage study was not released (NTP, 1987).

In an update to the HAD and Addendum and in an acconpanyi ng
techni cal analysis, the EPA di scusses new data pertaining to the
ri sk assessnent of dichloronmethane, and the use of
phar macoki netic nodeling in the derivation of a unit risk val ue.

A pharmacoki netic nodel was used to calculate a dose at the
target site and a human equi val ent dose using an extensive

dat abase on the netabolism disposition, and nechani sm of action
of dichl oronet hane. Based on this analysis, CAG has proposed to
reduce the unit risk value by a factor of 8.7 fromthe previously
adopt ed val ue.

The new CAG val ue, which is based on a nore conpl ete and

sophi sticated analysis of the available data, will be adopted by
DEP as soon as it has been adopted by EPA
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Carci nogenicity Dose- Response Assessnent for 1, 2-dichl oropropane

Summary

The wei ght - of - evi dence cl assifications for
1, 2-di chl or opropane are G oup B2- Probable Human Carconogen, and
Suggestive Evidence for mutagenicity. The CAG unit risk val ue
for inhalation exposure is 1.8 x 10 °(ug/n?) . The docunentation
for this value was not available at the tinme of this witing, and
the value was obtained in a tel ephone conversation with Charles
Ris of the CAG The CAGis currently reviewing the quantitative
data for 1,2-dichloroprane and a final EPA value is not
avai l able. Therefore, DEP calculated a unit risk value on the
basis of the NTP gavage study (NTP, 1986d). The DEP value is
1.87 x 10°° (ug/n¥) . ~The DEP unit risk value is adopted for use
in risk assessnent of inhal ation exposure.

Backgr ound

The wei ght - of - evi dence desi gnation for carcinogenicity of
G oup B2 is based on evidence of increased tunors in nultiple
species. The NTP study showed i ncreased manmary adenocar ci nonas
in female rats, increases in benign liver tunors in male and
female mce, and non statistically significant increases in
mal i gnant liver tunors. These are considered to represent
"clear" evidence of carcinogenicity by NTP. The increased tunors
in multiple species |leads to a designation of sufficient aninal
evi dence- Goup B2. There is no evaluation of
1, 2-di chl oropropane by I ARC. The NTP study is considered
adequate for quantitative dose-response assessnent, and no ot her
study was used.

Unit Risk Calculation from NTP Gavage Study

Mal e F344 rats were adm nistered 0, 62 or 125 ng/kg/d and
female rats and nmale and fenmale mce were admnistered 0, 125 or
250 ng/ kg/d by gavage. Doses were adm nistered 5 days per week
for 103 weeks beginning at 5 weeks of age. There was a
significant dose-related effect on body weight in rats of each
sex and there was a significant dose related effect on surviva
in female rats and fenal e m ce.

There were no elevated tunors in male rats. In female rats a
significantly el evated incidence of mamrary adenocar ci nomas
occurred. Significantly elevated incidences of |iver adenoma and
Iiver adenoma or carcinoma were observed in male and femal e m ce.

The incidence of |iver carcinoma was not statistically
significantly elevated. The incidence of tunors at these sites
are shown in Table 1. Adjusted incidences are presented as
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reported by NTP for the groups which had a significant nortality
effect.

There was a dose-rel ated i ncrease in hepatocytonegaly and
liver necrosis in male rats and in mammary gl and hyperplasia in
female rats.

The lifetinme average daily doses (LAD) were cal cul ated as
fol |l ows:

gavage
LAD = dose X 5 x 103

(mg/ kg/d) (ng/kg/d) 7 104

The surface area adjusted LAD was cal cul ated using surface area
scaling as follows:

surface area adjusted LAD = LAD x (70/bw) Y3

with b.w equal to the term nal body wei ght of the group of
animals. The cal cul ated doses are shown in Table 2. The
dose-response curve was estimated using the nmultistage nodel fit
to the tunor incidences and the surface area adjusted lifetinme
average daily doses in Table 1. The 95% upper confidence limts

for these tunor sites are given in Table 3. There was no
adjustnment for less than |ifetime exposure because the experinent
|asted the full lifetine of the aninals.

The carci nogeni c potency for the male nouse |iver tunors was
chosen for use in calculation of a unit risk for air. The
potency for this site is 6.55x10? (ng/kg/d)"*. The unit risk for
lifetime exposure to 1 ug/n’ is calculated using the assunption
of a 70 kg human breathing 20 m/d as fol |l ows:

Unit = 6.89x103*x 20 nf/d x 1 ng = 1.97x 10 °(ug/n?) !
Ri sk 70 kg 1000 ug

The nost sensitive site for calculation of carcinogenic
potency is the nmal e nouse |iver tunors. The carC|nogen|c pot ency
based on this site is 6.55 x 1072 (ng/kg/d) The unit risk for
i nhal ation exposure is 1.87 x 10> (ug/nt) *

Di scussi on

The docunentation for the CAG unit risk value is not yet
avai |l abl e, although the CAG and DEP val ues are virtually
identical. The calculation of a unit risk value for
1, 2-di chl oropropane is consistent with the policy that
quantitative dose-response assessnent is generally performed for
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chem cals in weight-of-evidence category G oup B. The DEP val ue
is based on the nmale nouse liver tunors. The selection of this
site is consistent with DEP policy to use the nost sensitive site
for calculation of unit risk value. It is noted that this site
is less than ideal because of the occurrence of nonneopl astic

pat hol ogy and hi gh spontaneous incidence at this site. Likew se,
femal e rat mammary adenocarcinoma is | ess than ideal for
guantitative dose-response assessnent due to effects on body

wei ght and survival. The choice of site in this study is not
clear, and nouse liver tunors are chosen in order to be
consistent wwth DEP policy to use the nost sensitive site. The
fact that the nmal e nouse |iver does not show a significant
increase in malignant tunors is not a strong argunent agai nst
using this site because there is a consistent (nonsignificant)
increase in malignant tunors, supported by a dose-rel ated
significant increase in benign tunors.

This assessnent is made without any ancillary data regarding
dose, route or species dependent differences in pharmacokinetics
or carcinogenic potency. As such, the assunption is made that
the potency is the sane between routes of exposure, and the
cal cul at ed potency val ue can be applied to other exposure routes.
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TABLE 1 Tunmor I ncidences Used for Dose-Response Assessnent of
1, 2-di chl oropropane Using the NTP Gavage Study

Cont r ol Low Hi gh
Fenal e Rat
Mammar y
adenocar ci noma act ual 1/ 50 2/ 50 5/ 50
adj ust ed 1 2 13
Mal e Mouse
Li ver adenonm 7/ 50 10/ 50 17/ 50
Li ver carci nonn 11/50 17/ 50 16/ 50
Li ver adenonm or carci noma 18/ 50 26/ 50 33/ 50
Femal e Mouse
Li ver adenonm act ual 1/ 50 5/ 50 5/ 50
adj ust ed 1 9 10
Li ver carci nona act ual 1/ 50 3/ 50 4/ 50
adj ust ed 1 5 6
Li ver adenonm or act ual 2/ 50 8/ 50 9/ 50
car ci noma adj ust ed 3 13 15
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TABLE 2.

Dose Cal cul ation for Dose- Response Assessnent of
1, 2-di chl or opropane Usi ng NTP Gavage St udy.

Lifetine
Adm ni stered Average Surface Area
Dose Dai | y Dose Adjusted LAD

ng/ kg/ d ng/ kg/ d ng/ kg/ d

Femal e Rat Low 62 43.9 8. 16
Hi gh 125 88.4 16.1
Mal e Mouse Low 125 88. 4 7.49
Hi gh 250 177 14. 8
Femal e Mbuse Low 125 88. 4 7.63
Hi gh 250 177 14. 7
TABLE 3. Upper Confidence Limts of Carcinogenic Potency for

1, 2-di chl oropropane Using the NTP Gavage Study

Site Pot ency (ng/ kg/d)?
Femal e Rat act ual 5.42 x 10°°
mamrary adenocar ci noma adj ust ed 6.89 x 10°°
Mal e Mbuse act ual 6.55 x 1072
|iver adenona or

carci nona
Femal e Mouse act ual 2.09 x 10°°?
liver adenonm or

car ci nona adj ust ed 3.45 x 1072
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Car ci nogeni city Dose- Response Assessnent for
Di (et hyl hexyl ) pht hal at e
( DEHP)

Summary

The wei ght - of - evi dence cl assifications for
di (et hyl hexyl ) pht hal ate (DEHP) are G oup B2-Probabl e Human
Car ci nogen and Substantial for nutagenicity. There is no CAG
recommended unit risk value for DEHP at this tinme. The DEP
cal cul ati on of carcinogenic potency is based on the NTP feeding
study (NTP, 1982a). The unit risk value adopted for risk
assessnment of inhal ation exposure is 1.30 x 10°° (ug/n?) ™.

Backgr ound

The wei ght - of - evi dence designation for DEHP i s based on the
positive response in rats and mce of both sexes in the NTP study
(NTP, 1982a) as reviewed by I ARC (I ARC, 1982b). This
wei ght - of - evi dence cl assification was assigned by DEP and no EPA
evaluation is available. There is no dose-response assessnent
fromany other source known to the DEP at this time. The DEP
performed a dose-response assessnent using the NTP feedi ng study
as descri bed bel ow.

Calculation of the Unit Ri sk Using the NTP Feedi ng Study.

In this study male and female F344 rats were fed diets
containing 0, 6000, or 12000 ppm DEHP, and nal e and fermal e B6C3F1
mce were fed diets containing 0, 3000, or 6000 ppm DEHP for 103
weeks starting at 6 weeks of age. There was a significant dose
rel ated effect of DEHP on weight gain in male and fenale rats and
in female mce and no significant effect of DEHP treatnent on
survival in any group.

Significant increases in the incidences of l|iver carcinom
neopl asti ¢ nodul e, and conbi ned carci noma or neopl astic nodul e
were observed in males and femal es of both species. The NTP
study reported only m nor nonneopl astic pathol ogy of the liver,
but in other studies severe liver pathology occurred at doses
equal to the doses used in the NTP study including hepatonegaly,
necrosis, and peroxi sone proliferation in rodents. The
i nci dences of liver tunors in the NIP study are shown in Table 1

The NTP report includes a calculation of |ifetine average
dose (LAD) based on neasurenents of food consunption nmade during
the study. These values are converted to hunman equi val ent dose
using surface area scaling as foll ows:
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Surface Area Adjusted Dose = LAD x (b.w /70)Y3

with b.w equal to the average term nal body wei ght of the group
of animals. The cal cul ated doses are shown in Table 1. The
dose-response curve was estimated by fitting the nultistage nodel
to the doses and incidences listed in Table 1. The 95% upper
confidence limt on the linear termis used as the estimte of
carcinogenic potency and this value is listed in Table 2.

The femal e nouse |iver carcinoma or neoplastic nodule is
considered to be the nost appropriate site for dose-response
assessnment and is used to calculate a unit risk value for
i nhal ati on exposure. The carcinogenic potency based on this site
is 4,53 x 103 ng/kg/d)"t. The risk fromlifetinme exposure to 1
ug/ m® of DEHP i s cal cul ated assuning a standard 70 kg person
breathing 20 n? of air per day as foll ows:

4.53x10° x 20 ¥ x_ 1  x 1 ng = 1.30x10°° (ug/ nt) *.
nmg/ kg/ d d 70 kg 1000 ug

The unit risk value for inhalation exposure is 1.3 x 10°°
(ug/ nt) 1.

Di scussi on

It is the policy of DEP that dose-response assessnent wll
generally be perfornmed on chemicals in carcinogenicity
wei ght - of - evi dence Group B. The carcinogeni c potency was
therefore cal cul ated based on the NTP feeding study. The potency
value fromthe fenal e nouse liver tunor is selected in preference
to the mal e nouse liver because the mal e nouse has a nuch hi gher
spont aneous tunor incidence at this site.

The use of liver tunors for quantitative dose-response
assessnment is |ess than ideal because of the liver toxicity of
this conmpound and the possibility of pronoting activity due to
ti ssue regeneration, and of initiating activity secondary to
per oxi some proliferation and generation of active oxygen species.
The calculation of a unit risk for DEHP is consistent with the
position stated in the DEP procedures that initiating activity
cannot be rul ed out based on the evidence for other effects and
t hat carcinogenic potency will be cal cul ated based on the best
evi dence avail abl e.

The calculation of a unit risk for air exposure based on a
feedi ng study assunes that there are no route specific
differences in carcinogenic potency. This assunption is
consistent with the DEP position that direct route-to-route
extrapol ation is considered to be a reasonable nethod in the
absence of inhalation studies. As a result, the carcinogenic
potency cal cul ated here nmay be used for other routes of exposure.
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Table 1. Incidences and Dose Cal cul ati ons for

Dose- Response

Assessnment of Di (et hyl hexyl)phthal ate Using the NTP
Feedi ng St udy.

Li ver Tunors

D et LAD Surface neo- carci nona carcinoma

Conc. ng/kg/d Area pl astic or

ppm nodul e neopl astic

nodul e

Rat - nal e
Cont r ol 0 0 0 2/ 50 1/ 50 3/ 50
Low dose 6000 332 53.6 5/ 49 1/ 49 6/ 49
H gh dose 12000 674 118 7/ 49 5/ 49 12/ 49
Rat -fenmal e
Cont r ol 0 0 0 0/ 50 0/ 50 0/ 50
Low dose 6000 394 61.8 4/ 49 2/ 49 6/ 49
H gh dose 12000 774 117 5/ 50 8/ 50 13/ 50
Mouse- nal e
Cont r ol 0 0 0 6/ 50 9/ 50 14/ 50
Low dose 3000 672 56.7 11/ 48 14/ 48 25/ 48
H gh dose 6000 1325 110 10/ 50 19/ 50 29/ 50
Mouse-f emal e
Cont r ol 0 0 0 1/ 50 0/ 50 1/ 50
Low dose 3000 799 64. 6 5/ 50 7/ 50 12/ 50
Hi gh dose 6000 1821 140 1/ 50 17/ 50 18/ 50

Table 2. Carcinogenic Potencies (q:) for Di(ethyl hexyl)phthal ate
Usi ng the NTP Feedi ng Study

Car ci nogeni ¢ Potency (ng/kg/d)*

Neopl asti c Car ci nonma Car ci noma or

nodul e neopl asti c nodul e
Rat mal e 1.97x10°3 1.10x10°3 2.86x10°3
femal e 1.76x10°3 1.75x10°3 3.41x10°3
Mouse mal e 2.51x10°3 4. 45x10°3 8.24x10°3
femal e 7.05x10* 3. 72x10°3 4.53x10°3
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Carci nogenicity Dose-Response Assessnent for 1,4-di oxane

Summary

The wei ght - of - evi dence cl assifications for 1,4-dioxane are
G oup B2- Probabl e Human Carci nogen and ND for nutagenicity.
There is no carcinogenic potency assessnent fromthe CAG at this
time. The DEP carcinogenic potency value is based on the NC
study (NCI, 1978f). The DEP unit risk value is 4.11 x 10°
(ug/nt) ' and is adopted for use in assessment of inhalation
exposur e.

Backgr ound

The designation of the weight-of-evidence for carcinogenicity
of dioxane as G oup B2 is based on positive responses in nultiple
species as reviewed by I ARC (I ARC, 1976; |ARC, 1982c) and on the
positive response in rats and mce in the NC study (NC, 1978f).

The | ARC concl uded that there is sufficient animal evidence

(' ARC, 1982c). EPA has al so concluded that the ani mal evidence
is sufficient. There is no quantitative dose-response assessnent
fromany other source known to the DEP at this tinme, so an
assessnment was performed using the NCI study in which di oxane was
adm ni stered in drinking water.

Cal cul ation of Unit Ri sk

In this study, OMrats and B6C3F1 m ce were adm ni stered

di oxane as 0, 0.5, or 1.0 percent in the drinking water. Mce
were adm nistered this agent for 90 weeks and rats for 110 weeks.
There was no dose-rel ated effect on body weight in any group but
there was a dose-rel ated decrease in survival in nmale and fenale
rats and in female mce. There were increases in nasal turbinate
squanous cell carcinonas in nmale and fermale rats and increases in
Iiver hepatocellular carcinoma in male and female mce. A

vari ety of dose-rel ated nonneopl asti c pat hol ogy was reported,

i ncl udi ng ki dney tubul ar degeneration, liver cytonegaly, nasal
turbinate inflammation and tracheal inflammtion in rats, and
pneunonia, rhinitis, and liver necrosis in mce. Tunor

i nci dences used for quantitative dose-response assessnent are
listed in Table 1.

The NTP report provides estimates of the daily dose based on
measurenent of water consunption during the study. For rats, the
reported value is the lifetine average dose. For mce the dose
is averaged over the 96 week lifetinme of the animals in this
study. The lifetinme average dose (LAD) is converted to a human
equi val ent dose by scaling to surface area as foll ows:
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Surface area adjusted LAD = LAD x (70/b.w ) Y3

with b.w equal to the term nal average body wei ght of the group
of animals. The doses calculated are presented in Table 2. The
dose-response curve is estimated by fitting the nultistage nodel
to the incidences in Table 1 and the doses in Table 2. The 95%
upper confidence limt on the linear termis taken as the
estimate of carcinogenic potency and these val ues are shown in
Table 1. The last colum in Table 1 (adjusted gl1*) shows the
adj ustment of the potency to account for less than lifetine
exposure (LLE). This factor is applied to the nouse potencies
because the nouse lifetime was only 96 weeks in this studg.
Therefore the potency is adjusted by a factor of (104/96)° to get
the final potency value. The potency value fromthe male nouse
liver hepatocellular carcinoma is selected by the DEP to
calculate a unit risk value for air exposure. The potency at
this site is 1.44x10°2 (ng/kg/d)"*. The unit risk value for air
exposure is calculated as described in Appendix D as foll ows:

1.44 x 10°% (mg/kg/d) ! x 20n?/ 70kg x 1nmg/ 1000 ug =
4.11x10°° (ug/ nt) *

The unit risk value for lifetime exposure to 1 ug/n? of
1,4-dioxane in air is 4.11 x 10°.

Di scussi on

The cal culation of a unit risk value was performed consistent
with the DEP procedures and with the policy to calculate a unit
risk value for chem cals in weight-of-evidence Goup B. The NC
drinking water study was considered to be adequate for
quantitative dose-response assessnent. Anong the sites showing a
positive carcinogenic response in this study, the mal e nouse
liver carcinoma was sel ected as the nost appropriate site for
dose-response assessnent. Selection of this site is consistent
wWith the procedure to use the nost sensitive site anong the sites
consi dered appropriate for dose-response assessnent. This site
is also preferred because only the mal e nouse showed no effect on
survival in this study and because the nonneopl astic pathol ogy at
this site was m nor.

Thi s assessnment was perforned using the standard DEP-CORS
procedure and there were no additional data descri bing
dose-dependent effects on pharmacoki netics, or possible route or
species-related differences in carcinogenic potency. The potency
val ue cal cul ated here can be used for other routes of exposures.
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Table 1. Tunor |ncidences and Carci nogenic Potency for
Dose- Response Assessnent of 1, 4-dioxane Using the NCI Drinking
Wat er Study.

Tunor | nci dence LLE Potency (rg/kg/d)*!
Control Low High adj . g1* adj usted q:*

_Mal e rat
Nasal turbinate 0/33 12/33 16/34 1 9.54x10°°

Femal e r at
Nasal turbinate 0/34 10/35 8/35 1 4. 96x10°°

Mal e nouse
Li ver 2/49  18/50 24/47 1.27 1.13x10°% 1.44x10°°?

Fenmal e npouse
Li ver 0/50 12/48 29/37 1.27 9.36x10°% 1.19x1072

__adjusted gl* = adjustnent based on |length of study (see
Appendi x D)

Table 2. Dose Cal cul ati on for Dose-Response Assessnent of
1, 4-di oxane Using the NCI Drinking Water Study.

adm ni st ered LAD Surface Area
dose Adj usted LAD
% in drinking water ng/ kg/ d ng/ kg/ d
_Mal e rat Low dose 0.5 240 50.4
Hi gh dose 1.0 530 105
Fenal e rat Low dose 0.5 350 62. 6
Hi gh dose 1.0 640 109
Mal e nouse Low dose 0.5 675 54. 1
Hi gh dose 1.0 778 64. 6
Femal e nouse Low dose 0.5 356 28.9
Hi gh dose 1.0 806 60. 8
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Car ci nogeni ¢ Dose- Response Assessnent for Epichlorohydrin

Summary

The wei ght - of - evi dence cl assifications for epichlorohydrin
are G oup B2-Probabl e Human Carci nogen (EPA, 1984a) and
Sufficient for mutagenicity. The CAG recommended unit risk val ue
for inhalation exposure is 1.2 x 10°° (ug/n?) ' (EPA, 1984a). The
CAG assessnent is based on an inhalation study with rats that
showed a significant increase in nasal cavity carci noma or
papi |l oma. The EPA assessnment notes that the carcinogenicity of
epi chl orohydrin is considered to be route- and site-specific and
a different potency value is recommended for oral exposure.

Wth regard to the inhal ation exposure, the EPA notes that the
use of a nodel which includes tine dependent criteria to account
for high dose intervals resulted in a higher estimate of risk
than the nultistage nodel and that the dose rate effects should
be considered in using the unit risk value. No other
dose-response assessnents are known to the DEP at this time. The
DEP wi |l adopt the CAG unit risk value (1.2 x 10°° (ug/nf)™%) for
use in risk assessnent of inhalation exposure.
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Car ci nogenicity Dose-Response Assessnent for Ethyl Acrylate

Summary

The wei ght - of - evi dence cl assifications for ethyl acrylate are
G oup B2- Probabl e Human Carci nogen and ND for nutagenicity. This
designati on was determ ned by DEP based on the positive responses
in both sexes of rats and mce in the NTP gavage study (NTP
1986¢c). At the tinme of the ARC review, this study was not
avai l abl e and the | ARC designated the ani mal evidence as
i nadequate for evaluation (I ARC, 1979a).

The NTP study is not considered to be adequate for
guantitative dose-response assessnent by the DEP. The only
tunors which were considered to be significantly el evated by the
NTP were tunors of the fore-stomach. Because the fore-stomach is
the site of deposition in a gavage study, the site wll be
exposed to a highly concentrated solution of the chemcal. The
production of tunors at the site is clear evidence of
carcinogenic action but it is not clear that the tunor incidence
can be related to the dose on a body wei ght or body surface area
basis. It is nore likely related to the high | ocal concentration
of the gavage solution, as noted by the NITP, or to the dose per
surface area of fore-stomach. Because of likely substantial
differences in the dose-response relationship, it wuld not be
appropriate to quantitatively extrapolate this information to
i nhal ati on exposure or to | ow dose ingestion exposure.

Therefore, there is no unit risk adopted for inhal ati on exposure
to ethyl acrylate. No quantitative dose-response assessnent from
EPA or any other source is known to the DEP at this tine.
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Carci nogenicity Dose-Response Assessnent for Fornal dehyde

Summary

The wei ght - of - evi dence cl assifications for formal dehyde are
G oup Bl- Probabl e Human Carci nogen and Substantial for
nmut ageni city. = The EPA-OTS recommended value for unit risk is
1.3x10°° (ug/ ) ! (EPA, 1985e) and is based on the results from
the CIIT rat study (Swenberg et al., 1980; Kerns et al., 1983).
The unit risk has al so been cal culated by Starr and Buck (1984)
based on incorporation of the data of Casanova-Schmtz et al.
(1984) for the dose calculation in the CIIT study. The val ue
cal cul ated by Starr and Buck is 5.1x10°7 (ug/m3® 1. The use of
t he Casanova-Schmtz et al. data remains controversial and the
EPA-OTS unit risk value (1.3 x 10°° (ug/nt)'!) is adopted by DEP
for use in risk assessnent of inhalation exposure.

Background and D scussi on

The wei ght - of - evi dence desi gnation for fornal dehyde is based
on the EPA designation as Goup Bl indicating limted evidence in
humans and sufficient evidence of carcinogenicity in aninmals.

The avail abl e toxi col ogy and carcinogenicity data are reviewed in
the EPA O fice of Toxic Substances draft assessnment of health

ri sks (EPA, 1985e). The EPA is currently considering changing
t he wei ght - of - evi dence designation to G oup A- Human Carci nogen
(El'i zabet h Margosches, CAG 1/6/87, personal communication).
Docunent ati on of this change has not yet been received by DEP
Several reports of epidem ol ogical studies of fornal dehyde
exposure have been released in the | ast year show ng evi dence of
carcinogenicity in humans. However, there is no dose-response
assessnent avail abl e which is based on a human epi dem ol ogi cal
study as yet.

The carci nogenic potency is based on the CIIT study (Kerns et
al ., 1983; Swenberg et al., 1980). The current EPA unit risk
value is calcul ated based on the results fromthe CIT study and
at the time of this witing the final docunentation of the EPA
unit risk value was not available. |In a phone conversation on
1-6-87, George Senmeni uk of the OIS said that the current unit
ri sk values calculated by the EPA-OTS is 1.3x10°° (ug/nt) ! based
on malignant turmors in the CIT study and 1.8x10°* (ug/ n) ! based
on total tunmors. |In two draft docunents from EPA- QAQPS t he val ue
of 1.8x10°* (ug/n?) ! was used. One of these was a draft |ist of
unit risk values dated 7-23-85, and the other was a nenpo dated
4-3-86 regarding calculations of additive individual risk in
several urban areas. The final docunentation of the EPA-OIS
review was in final senior level review and is due to be rel eased
in the near future (per George Seneni uk of EPA-OTS)
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There has been a great deal of controversy surrounding the
interpretation of the CIIT study in terns of human
carcinogenicity. The basis of the controversy is the shape of the
dose-response curve and the use of the Casanova-Schmtz et al.
(1984) data to define the relationship between the exposure
concentration and the delivered dose. The results of the CIT
study show a distinctly non-linear response with tunor incidences
of 2/ 200 and 103/199 in groups exposed to 5.6 and 14.3 ppm of
formal dehyde. There have been several possible factors suggested
whi ch could account for the non-linear response. Inhibition of
mucoci liary cl earance occurs at high doses and exhibits a
t hreshol d. Formal dehyde is known to react wi th conponents of
nmucous including a glycoprotein, and the reduction or elimnation
of nmucous flow at high concentrations could allow the consunption
of formal dehyde reactive sites allowi ng nore formal dehyde to
reach the tissue. Increased cell proliferation also occurs at
hi gh doses. Proliferation could increase the incidence of tunors
by acting as a pronotor or by allow ng increased reaction of DNA
w th formal dehyde because, as shown in in vitro studies,
formal dehyde reacts preferentially with single-stranded DNA

The controversy about the EPA-OIS risk assessnent revol ves
around whet her the data of Casanova-Schmtz et al. (1984) should
be used to adjust the exposure concentration to a neasure of
delivered dose. In this study rats were exposed to doubly
| abel ed formal dehyde, nasal nucosal DNA was isol ated, and
i ncorporation of |abel was neasured. This study denonstrated a
non-linear relationship between fornmal dehyde concentrati on and
t he amount of fornmal dehnyde determ ned to be covalently bound to
DNA. It is the contention of the authors and of other scientists
at CIIT that this information should be incorporated into the
dose-response assessnent of formal dehyde carcinogenicity by using
the rel ati onship between the exposure concentration and DNA
binding to define the relationship between exposure concentration
and effective dose in the carcinogenicity study
(Casanova-Schmtz et al., 1985; Swenberg et al., 1983; Starr and
Buck, 1984). The other point of viewis that the data of
Casanova- Schmtz et al. should not be considered to be a reliable
estimate of the exposure concentration-delivered dose
rel ati onshi p because of various difficulties in the
interpretation of the study which could not be satisfactorily
resol ved (Cohn et al., 1985).

In order to attenpt to resolve the outstanding issues the EPA
convened an expert review panel to review the pharnmacokinetic
data. This panel concluded that the avail able data on
phar macoki neti cs were not adequate for use in quantitative risk
assessnent. The panel notes that the study was an inportant step
toward defining the adm ni stered-delivered dose rel ationship for
f or mal dehyde.
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The CIIT response to the expert panel eval uation addresses
many of the issues raised by the panel wth new data and with the
avai l able data. The CIIT group maintains that the use of the
phar macoki netic data is valid and is an inprovenent over the EPA
use of the lifetinme average exposure concentration. The EPA unit
risk value is derived using a five stage nultistage nodel because
the usual use of the nultistage with the nunber of stages limted
to the nunber of dose groups m nus one gives a very poor fit to
the data. Although the fit is nuch better using the five stage
mul ti stage nodel and the maxi num |l ikelihood sl ope estimate is
much | ower, the 95% upper confidence |imt differs only slightly
in the two approaches. The unit risk value calculated by Starr
and Buck (1984) of 5.08x10 " (ug/nt) ' is 1/26 of the EPA val ue.

Because the controversy regarding the use of the data of
Casanova-Schmtz et al. has not been resolved and the EPA and
ot her federal regulatory agencies intend to use the EPA cancer
ri sk assessnment, DEP elects at this tinme to adopt the EPA-OIS
unit risk value. Because the evidence for carcinogenicity and
ot her effects denponstrate a non-linear response at high doses and
because the theoretical nmechanismfor this effect is reasonable,
it is likely that the use of the linearized nultistage nodel

overestimates the true risk substantially. It is the opinion of
the DEP that the incorporation of data such as that of
Casanova-Schmtz et al. wll inprove the accuracy of the

dose-response assessnent and that such data shoul d be

i ncor porated when the various issues regarding the interpretation
of the study are further resolved. DEP will continue to nonitor
t he di scussion of this issue.

Because fornmal dehyde is reactive and causes effects at the
site of deposition, the carcinogenic potency cal cul ated for
i nhal ati on exposure should not be used for other routes of
exposure.
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Carci nogenicity Dose-RResponse Assessnent for Heptachl or

Summary

The wei ght - of - evi dence cl assifications for heptachlor are
G oup B2-Probabl e Human Carci nogen and Limted Evidence for
nmut agenicity. This weight-of-evidence classification was
det erm ned by CAG. The CAG cal cul ated a carci nogeni ¢ potency of
3.37 (ng/kg/d) ! as part of the Ambient Water Quality Criteria
Docurment for Heptachlor (EPA, 1980c) based on the NC feeding
study (NCl, 1977c). The unit rlsk for inhal ati on exposure based
on this study would be 9.64 x 10°% (ug/m¥)">. In a nore recent
anal ysi s the CAG has cal cul ated a potency value of 4.5
(ng/ kg/ d) * This value is based on the geonetric nmean of four
data sets fromtwo studies showi ng significant increases in liver
carcinomas in mce exposed orally to heptachl or (USEPA 1987d).
The EPA unit risk value based on the nore recent evaluation is
1.3 x 10°° (ug/n?)"t. This value will be adopted by DEP for risk
assessnent of inhal ation exposure to heptachl or.

Background and D scussi on

The carcinogenicity wei ght-of-evidence is based on the
positive response in mce in the NC study (NC, 1977c) as
reviewed by IARC (1 ARC, 1979b). The designation as Goup Bis
based on the occurrence of tunors at a single site in a single
species, in nultiple studies, and in both sexes.

The data for heptachlor are considered to be adequate for
quantitative assessnent because the liver tunors occurred with a
hi gh i nci dence, were nalignant, showed good dose-response at two
dose levels, and occurred in two studies. The data are |ess than
i deal because:

- tunors occurred at a site which has a hi gh spontaneous
i nci dence
and which is a target of heptachlor acute and chronic toxicity
- tunors occurred at a single site
- tunors occurred in a single species
- there is little supportive evidence fromshort term studies

The CAG eval uation reviews two studi es which show i ncreases
in liver carcinomas in both male and female mce. The final CAG
value for unit risk is the geonetric nmean of unit risks from
these four data sets. Although it is generally the policy of DEP
to use the nost sensitive site, the EPA value is adopted by DEP
inthis case in the interest of consistency with EPA and because
the DEP value (based on nmale nouse liver tunors would be 1.96 x

3 [ug/nf] ™ Y) would not differ substantially from EPA' s val ue.
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Carci nogenicity Dose- Response Assessnent for Hexachl or oet hane

Summary

The wei ght - of - evi dence cl assifications for hexachl oroet hane
are G oup C Possible Human Carci nogen and No Data for
nmut ageni city. The carcinogenicity weight-of-evidence
classification was determ ned by CAG The CAG has cal cul ated a
car ci nogeni ¢ potency of 1.4 x 102 (ng/kg/d) ' (EPA, 1980b) based
on the NCI gavage study (NC, 1978d). This results in an
i nhal ation unit risk value of 4.0 x 10°°® (ug/n?) ! (USEPA, 1986e).
According to EPA (1986b) and DEP gui del i nes, carcinogenicity
data for chemicals in Goup C are evaluated on a case-by-case
basis wth regard to their adequacy for quantitative
dose-response assessnment. Based on the criteria discussed in
Appendi x D, the NCI study is considered adequate for
dose-response assessnent. The EPA unit risk value of 4.0 x 10°°
(ug/n?) Y is adopted for use in risk assessment of inhalation
exposur e.

Background and D scussi on

The carcinogenicity wei ght-of-evidence is based on the NCl
gavage study as reviewed by I ARC (1 ARC, 1979b). The desi gnation
of Goup Cis based on the occurrence of tunors at a single site
in a single species. The EPA unit risk value is based on the
liver tunors in male mce in the NC study.

The study is considered to be adequate for dose-response
assessnent because the liver tunors occurred with high incidence,
were malignant, and showed good dose-response at two dose |evels.

The study is less than ideal however, because:

- tunors occurred at a site which has a hi gh spontaneous
i nci dence

- tunors occurred at a single site

- tunors occurred in a single species

The EPA unit risk value is adopted by DEP in the interest of
consi stency with EPA
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Carci nogenicity Dose-Response Assessnent for Hydrazine

Summary

The wei ght - of - evi dence cl assifications for hydrazine are
G oup B2-Probabl e Human Carci nogen and Suggestive for
mut agenicity. This designation for carcinogenicity is based on
positive responses in mce with nultiple exposure routes and
positive responses in rats, as reviewed by | ARC (I ARC, 1982c;
| ARC, 1974a). | ARC concluded that there was sufficient anim
evi dence for carcinogenicity of hydrazine (I ARC, 1982c). CAG
determ ned t he wei ght-of-evidence classification to be G oup B2,
but has not recommended a unit risk value for hydrazine at this
time. No study of hydrazine has been perfornmed in the NTP
carcinogenicity bioassay programand there is no current activity
(NTP, 1987). The Rhode Island DEMis currently working on a
dose-response assessnent and the results will be assessed by the
DEP when available. At this tine there is no unit risk value
adopt ed by DEP for hydrazine.
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Carci nogenicity Dose-Response Assessnent for Lead Subacetate

Summary

The wei ght - of - evi dence cl assifications for |ead subacetate
are G oup B2-Probabl e Human Carci nogen and ND for nutagenicity.
Thi s designation for carcinogenicity is recormmended by CAG and is
based on the production of renal tunors in rats and mce with
oral or i.p. admnistration as reviewed by | ARC (I ARC, 1982c;
| ARC, 1980). The I ARC concluded that there is sufficient aninma
evi dence of carcinogenicity due to | ead subacetate (I ARC, 1982c).

No quantitative dose-response assessnent is available from CAG
or fromany other source at this tine. Based on the information
provided in the I ARC review, the studies which show carcinogenic
effect woul d not be adequate for quantitative dose-response
assessnent due to inadequate | ength of study or nunber of animals
used or other technical details. There is no NTP study of |ead
subacetate either conpleted or in progress (NTP, 1987). No unit
risk value for | ead subacetate is adopted by DEP at this tine.
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Carci nogenicity Dose-RResponse Assessnent for Lindane

Summary

The wei ght - of - evi dence cl assifications for |indane are G oup
C- Possi bl e Human Carci nogen and Suggestive for nutagenicity. The
designation of Goup C for carcinogenicity is based on studies
showi ng nouse |iver tunors after oral exposure as reviewed by
| ARC (1 ARC, 1979b). The | ARC concluded that there was |imted
ani mal evidence (I ARC, 1982c).

Background and D scussi on

The NCI conducted a feeding study in rats and m ce and found
smal |l increases in liver tunors (mce) and thyroid tunors (rats)
but did not consider the changes to be biologically significant,
and concl uded that there was no evidence of carcinogenicity in
that study (NC, 1977e). The current CAG recomrended
carci nogeni ¢ potency is 1.3 (ng/kg/d) !, based on nouse liver
tunors in another feeding study (Thorpe and Wl ker, 1973) (EPA,
1984d; 1980f). This value has not been formally adopted and was
obtained from CAG staff.

Based on EPA (1986b) and DEP gui delines, the carcinogenicity
data for chemcals in Goup C are eval uated on a case-by-case
basis wth regard to their adequacy for quantitative
dose-response assessnment. The carcinogenicity data are
consi dered adequat e because positive effects have been seen in
three strains of nouse, all wth a high incidence of tunors. The
Thorpe and Wal ker study is considered | ess than ideal for
guantitative assessnent because there was only one dosed group
and too few ani mal s per group.

The EPA unit risk value of 3.8 x 10°* (ug/nf) ! is adopted by
DEP for inhalation exposure in order to be consistent wwth EPA
and because no other unit risk value is available at this tine.
There is currently no activity in the National Toxicol ogy Program
regardi ng |indane (NTP, 1987).
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Carci nogenicity Dose-Response Assessnent for Mrex

Summary

The wei ght - of - evi dence cl assifications for Mrex are G oup
B2- Probabl e Human Carci nogen and ND for nutagenicity. The
designation for carcinogenicity was determ ned by DEP based on
positive responses in rats and mce after oral adm nistration and
in mce after subcutaneous adm nistration as reviewed by | ARC
(1979b). The I ARC concl uded that there was sufficient anim
evidence (I ARC, 1979b). There is no currently recomended
carci nogeni c potency fromthe EPA-CAG Based on the information
presented in the | ARC review, the studies reviewed wuld not be
considered to be adequate for quantitative dose-response
assessnment based on the DEP procedures (Appendix D). An ani nmal
bi oassay has been perfornmed by the NTP and the report of this
study is currently being drafted (NTP, 1986a). This study wll be
reviewed by the DEP when it has been peer reviewed and rel eased
by the NTP. There is no unit risk value adopted by DEP for mrex
at this tine.
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Carci nogenicity Dose-Response Assessnent for Naphthal ene

Summary

The wei ght - of - evi dence cl assifications for naphthal ene are
G oup D-Not Classifiable as to Human Carcinogenicity and ND for
nmut agenicity. The data on carcinogenicity have not been revi ewed
by the ARC. There is no currently recommended CAG val ue for
carci nogenic potency and the CAGis in the process of devel opi ng
a dose-response assessnent at this tinme (personal comrunication -
Charles Ris). There is no dose-response assessnent from any
ot her source or any study on which to base a dose-response
assessnent known to the DEP at this tinme. There are no conpl eted
NTP studi es on naphthal ene, but there is an inhalation study in
mce with the chronic histopathological in progress (NTP, 1987).
The DEP will review the CAG assessnent and the NTP study when
they are available. There is no unit risk value adopted for
inhal ation at this tine.
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Carci nogenicity Dose- Response Assessnent for N ckel and Ni ckel
Conmpounds

Summary

The wei ght - of - evi dence cl assification for carcinogenicity
varies for different nickel conpounds. For nickel netal the
wei ght - of - evi dence is G oup C- Possible Human Carci nogen and ND
for nutagenicity. For nickel oxide the weight-of-evidence is
G oup Bl- Probabl e Human Carci nogen and ND for nutagenicity. For
several other nickel conpounds, the weight-of-evidence for
carcinogenicity is described below. The wei ght-of-evidence for
nmut agenicity for several other nickel conpounds is ND. The CAG
recommends a unit risk value for inhalation exposure of 4.8 x
10" *(ug/ n?) ! for nickel refinery dust. There are no unit risk
val ues recommended by CAG for other nickel conpounds at this
tine.

Background and D scussi on

The | ARC review of the carcinogenicity data for nickel and
ni ckel conpounds (I ARC, 1982c) is summari zed as foll ows:

Human Evi dence - sufficient for nickel refining dust and
limted for nickel and certain nickel conpounds.

Ani mal Evi dence - Sufficient for nickel and certain nickel
conpounds.

In this assessnent, the | ARC apparently assigns equal weight
to studies in which only injection site sarcomas are produced.
Many of the studies with various nickel conpounds use
i ntranmuscular injection (IM and produce only injection site
sarcomas. The avail able data regarding toxicity and
carcinogenicity of nickel and nickel conpounds are revi ewed by
the EPA in the Health Assessnent Docunent for N ckel (EPA,
1985d). The EPA provides qualitative assessnent of individual
ni ckel conpounds after review ng the applicable studies. 1In the
EPA assessnent, studies showing only injection site tunors are
considered to provide limted evidence and agents with only
injection site tunors in animal studies would be placed in Goup
C. Based on the reviews of EPA (1985d) and | ARC (1976), the
wei ght - of - evi dence was eval uated by DEP for several nickel
conpounds by exam ning only the studies using each specific
conpound. This assessnent takes the position that studies
showing injection site tunors only will be considered to be
limted evidence of carcinogenicity. The weight-of-evidence for
each nickel conpound is listed in Table 1 with a brief
description of the evidence including the response (+ or -),
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route, and species. The weight-of-evidence for nickel subsulfide
and nickel refinery dust were assigned by EPA and the remaining
classifications were done by DEP

The CAG cal cul ation of unit risk for nickel is based on the
use of 2 mathematical nodels and several data sets for
epi dem ol ogi cal m dpoi nt of the range of val ues obtained. The
val ue for nickel subsulfide is equal to the value for nickel
refinery dust nultiplied by 2 because nickel subsulfide is
assuned to be about half of refinery dust. Wth regard to the
use of these unit risk values for other nickel conpounds, the EPA
states that "while nickel oxide and nickel sulfate are two other
i nportant nickel compounds in refinery dust, their possible
carci nogeni c potencies relative to the subsul fide have not been
established and the above estimte cannot be used for either the
oxide or the sulfate from' (EPA, 1985d). 1In the Draft HAD, the
EPA states that "since respiratory tract cancer occurred in
facilities that are diverse netallurgically in their operations,
human carci nogenicity probable resides in several conpounds of
ni ckel " and that "this would be consistent with the experi nental
nodel s" (EPA, 1983b). Based on the EPA discussion, the DEP
considers that there is limted evidence of carcinogenicity in
humans for nickel oxide and nickel sulfate.

Besides the CAG unit risk values for inhalation exposure to
ni ckel refinery dust and nickel subsulfide, there are no other
unit risk values adopted for inhalation exposure to nickel
conpounds. There are no conpl eted NTP studies with any nickel
conpounds. The NTP currently has pre-chronic inhalation studies
in progress for nickel oxide and nickel sulfate and has conpl eted
pre-chronic inhalation studies for nickel subsulfide (NTP
1986a) .
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TABLE 1

Car ci nogeni city Wi ght-of - Evi dence for

Conpound Wi ght of
Evi dence

Ni ckel netal Goup C
Ni ckel oxide (N O G oup Bl
Ni ckel oxide (Ni20) Goup D
Ni ckel sub-

sul fide (N 3S) Goup A
Ni ckel nonosul fide

(NiS) crystalline Goup C

anor phous Goup D

Ni ckel nitrate (NNNO Goup D
Ni ckel sulfate

(Ni SQy) Group B1
Ni ckel chloride

(Ni Clo) Goup D
Ni ckel acetate Goup C

(Ni (CHCOO) 2)

Ni ckel hydroxide

(N (OH)2) Goup C
Ni ckel carbonyl

(Ni (CO) 4) G oup B2
Ni ckel fluoride

(Ni F2) Goup D
Ni ckel carbonate

(N CG) Goup C
Ni ckel refinery dust Goup A

Ni ckel

Sunmary of
Evi dence

IM + hanmster |IM
inh, - hanster inh

+ rat
- rat

limted hunman data
+ rat |M + nouse | M

- rat IM 2 studies
+ hurman i nhal ati on

+ IM intrarenal, - rat

[imted human data
- IMrats, - ingestion
rats

+ IP (lung tunors),
- inplantation

+ inhalation + 1V, + M

+ IM

+ hurman i nhal ati on
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Carci nogenicity Dose-Response Assessnent for N trobenzene

Summary

The wei ght - of - evi dence cl assifications for nitrobenzene are
G oup D-Not Classifiable as to Human Carcinogenicity and ND for
nmut agenicity. There is no recommended carci nogeni c potency from
EPA-CAG  In a prelimnary risk assessnment, the CAG found no data
suitable for risk assessnent (EPA, 1979a). No studies of
carcinogenicity of nitrobenzene, or dose-response assessnent from
ot her sources are known to the DEP at this tinme. No NIP studies
wi th nitrobenzene are either conpleted or in progress (NTP
1987). There is no reconmmended unit risk value for inhalation of
ni trobenzene at this tine.
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Carci nogenicity Dose- Response Assessnent for Pentachl orophenol

Summary

The wei ght - of - evi dence cl assifications for pentachl orophenol
are G oup D-Not Cassifiable as to Human Carci nogenicity and
Limted for nutagenicity. CAG has not recommended a unit risk
value at this time. There is no conpleted NTP study of
pent achl orophenol. Two NTP studi es of pentachl orophenol
adm nistered in feed to mce are in progress with the chronic
pat hol ogy working group (NTP, 1987). These studies wll be
reviewed by the DEP when they are released by the NTP. There is
no unit risk value adapted for pentachl orophenol at this tine.
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Car ci nogenicity Dose- Response Assessnent for PCB

Summary

The wei ght - of - evi dence cl assifications for PCB are G oup
B2- Probabl e Human Carci nogen and hb Data for mutagenicity. The
EPA potency val ue is 7 7(ng/kg/d) The unit risk for air
exposure is 2.2 X 102 (ug/ ) . The recommended value for use
in risk assessment of inhalation exposure is 2.2 x 10°® (ug/n?)?!
The EPA is currently reeval uating the PCB carci nogeni c potency
val ue and the val ue given above was obtained fromDr. of
EPA. Docunentation for this value is not yet available. DEP
wi |l review any changes when the docunentation becones avail abl e.
The potency value is based on a lifetime study reported by
(1985) in which rats were exposed by ingestion & Arochlor 1260.

Background and D scussi on

The carcinogenicity wei ght-of-evidence for PCB is based on
liver tunors in nultiple species (rats and mce) after oral
exposure, as reviewed by I ARC (1982c; 1978). Several other
studi es reviewed by | ARC (1978) which show evi dence of
carcinogenicity, including benign and malignant tunors, are
i nadequate for quantitative dose-response assessnent due to short
duration of dosing and small nunbers of aninmals used. The NC
reported a feeding study (NCI, 1978b) using Arochlor 1254 which
caused no significant increases in malignant tunors and
significant increases only in liver neoplastic nodules in nmale
and fermale rats. The negative results in this study conpared to
the positive results in the Ki nbrough study nay be due to the use
of fewer animals (24 conpared to 184), different rat strains, a
di fferent PCB congenes. The NIP has no current activity for any
PCB (NTP, 1987).

Conpar ati ve studies of PCBs show that the acute and chronic
toxicity increases with increasing chlorination. There is not
sufficient evidence to determ ne whether this relationship
extends to the carcinogenic effects. In the absence of better
information on the structure - activity relationship of PCBs with
regard to carcinogenicity, and PCB m xture will be considered to
act wwth the sane potency.

The data fromthe Kinbrough study used for the dose-response
assessnent by EPA will also be used by DEP, consistent with the
policy that this assessnment will generally be carried out for
chemcals in Goup B. The potency value was verified by EPA for
inclusion in the Integrated Ri sk Information System (IR S)
dat abase for the oral route. The inhalation unit risk has not
been reviewed by EPA and is based on the assunptions that a 70kg
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person inhal es 20nt of air per day over a 70-year lifetime, and
that the PCB is conpletely absorbed.

The use of this study for quantitative dose-response
eval uation for inhalation assunes that the potency of PCB wll be
i dentical when adm nistered via different routes of exposure.
This is presuned to be the case in the absence of information to
the contrary. It follows fromthis assunption and fromthe fact
that this analysis is based on an oral ingestion study that the
pot ency val ue can be used in both oral and inhal ati on exposures.
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Carci nogenicity Dose-Response Assessnent for Propyl ene Oxide

Summary

The wei ght - of - evi dence cl assifications for propyl ene oxide
are Goup B2 Provabl e Human Carci nogen and Suggestive Evidence
for mutagenicity. There is no quantitative risk assessnent
avai l abl e from CAG or any other source at this time. The DEP has
perfornmed a dose-response assessnent based on the nmal e nouse
nasal turbinate tunors in the NTP inhal ation study (NTP, 1985Db).

The DEP adapts a risk value of 6.67 x 107 (ug/m’) * for use in
ri sk assessnent of inhalation exposure.

Backgr ound

The carcinogenicity wei ght-of-evidence is based on the
positive response in female rats and in nale and female mce in
the NTP study (NTP, 1985b), and on the positive response in rats
as reviewed by the I ARC (I ARC, 1976). The recent | ARC revi ew of
the data for propyl ene oxide concludes that there is sufficient
ani mal evidence (I ARC, 1985). No dose-response assessnent from
any other source is known to the DEP at this tine. The NIP
i nhal ati on study of propyl ene oxide (NTP, 1985b) is considered to
be adequate for quantitative dose-response assessnent based on
DEP procedures and the DEP quantitative dose-response assessnent
is based on this study.

Cal cul ation of Unit Ri sk

In this study, male and female F344 rats and nale and fenal e
B6C3F1 m ce were exposed to 0, 200 or 400 ppm of propyl ene oxide
for 6 hours, 5 days/week for approximtely 98 weeks starting at
7-8 weeks. The actual nunbers of days of exposure were 491 days
for rats and hi gh-dose m ce and 495 days for | ow dose mce or
98.2 and 99 weeks respectively (5 days/week) over a 103 week
period. No significant treatnment-related effect on survival or
body wei ght occurred in rats. There was a significant
treatnment-rel ated effect on body weight and on survival in male
and fermal e rats.

I ncreases in nasal turbinate papillary adenomas in femal e
rats, and increases in nasal turbinate hemangi oma or
hemangi osarcoma in male and fenale mce were reported. In nmale
m ce, the increase in nasal turbinate hemangi osarcoma was
statistically significant, while in the femal e nouse only the
conbi ned benign and malignant tunors were statistically
significant The NTP considers benign tunors at this site to be
biologically significant. The incidences of these tunors are
shown in Table 1. The adjusted incidences shown are based on NTP
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reported adjustnment for early nortality. There were several
tunor sites which were statistically significantly increased, but
were not considered to be biologically significant by the NTP
including rat female thyroid Ccell, rat female uterine tunors
and femal e nouse mamrary adenocar ci nomna.

There was a dose-rel ated increase in nasal epithelial
nonneopl asti ¢ pat hol ogy i ncluding inflammtion and squanous
metaplasia in rats, and inflanmation in m ce.

The dose used for dose-response assessnment was cal cul ated as
the lifetine average exposure concentration (LAC) as follows for
rats and hi gh-dose fermal e m ce:

LAD = exposure X 6 X 5 X 98. 2

concentration 24 7 104

For | ow dose male mce, the last termwas 99/ 104 because of
differences in the nunber of days of exposure. The exposure
concentration was expressed as ng/n? and the conversion from ppm
is done as follows:

my/mM = ppm X _ mw
24. 455

The volune of a nole of gas at 25° C and standard pressure is
24.455 L. No further adjustnent is needed for surface area
scal ing because the ventilation rate is approxi mately
proportional to surface area so the exposure concentration is an
equi val ent dose netaneter between species. The calcul ated
lifetime average exposure concentrations are shown in Table 2.

The dose-response curve was estimated by fitting the
mul ti stage nodel to the incidence in Table 1 and the lifetinme
aver age exposure concentration in Table 2. The 95% upper
confidence limt on the linear termis shown in Table 1 (ql*).
There is no adjustnent of this value necessary to account for
I ess than lifetinme exposure because the | ength of the experinent
was | onger than the nom nal 104 week |ifespan of rats and m ce.

Di scussi on

The cal culation of a unit risk value for propylene oxide is
consistent with the DEP policy that unit risk value wll
generally be calculated for chemcals in weight of evidence G oup
B. The NTP inhalation study is considered to be an adequate
study for quantitative dose-response assessnent by the DEP. In
this study, the preferred site for use in quantitative
dose-response assessnent is the male nouse nasal turbinate. This
is the preferred site because it is the only site at which there
is asignificant increase in malignant tunors alone. The
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conbi nation of malignant and benign tunors at this site is
consistent wth NTP guidelines for conbination of tunors
(McConnel |l et al., 1986; NTP, 1984a). The unit risk for

i nhal ati on exposure to 1 (ug/n?) of propyl ene oxide is 6.63 x 107’
(ug/m)" Y. It is noted that the potency values for the three
tunor sites are very simlar.

There are no additional data describing dose-related or
species-rel ated effects on carcinogenic potency. It is therefore
inplicitly assunmed that the relationship between the exposure
concentration and the effective dose at the target is the sane at
hi gh and | ow doses and in different species. This is consistent
with the DEP policy that in the absence of additional data, these
assunptions are reasonable. Because the toxicity of propylene
oxi de occurs at the site of contact, it is likely that there are
significant route-dependent differences in toxicity and
carcinogenicity and therefore this carcinogenic potency
cal cul ated on the basis of an inhalation study should not be used
for assessnent of risk fromoral exposure.
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TABLE 1. Incidences and Potency For Dose- Response Assessnent of
Propyl ene Oxi de Using the NTP I nhal ation Study.

Site | nci dence Pot ency
Cont r ol Low High (ng/n) !
Fenmal e Rat
Nasal turbinate
papi | | ary adenoma 0/ 50 0/ 50 3/ 50 4.79 x 104
adj ust ed 0 0 5 6.17 x 10°*
Mal e nmouse
Nasal turbinate
hemangi oma or
hemangi ocar ci noma 0/ 50 0/50 10/ 50 6.58 x 10°*
adj ust ed 0 0 16 6.58 x 10°*
Femal e nouse
Nasal turbinate
hemangi oma or
hemangi ocar ci noma 0/ 50 0/ 50 5/ 50 6.17 x 10°*
adj ust ed 0 0 16 6.63 x 10°*

TABLE 2. Dose Cal cul ation for Dose-Response Assessnent of
Propyl ene Oxide Using the NTP Inhal ation Study.

Exposure Concentration LAC (ny/ n?)
| ow hi gh | ow hi gh
Fermal e rat 200 400 80.1 160
Mal e nmouse 200 400 80.7 160
Fermal e nouse 200 400 80.7 160
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Carci nogenicity Dose-Response Assessnent for Resorcinol

Summary

The wei ght of evidence classifications for resorcinol are
D-Not Cl assifiable as to Human Carcinogenicity and Limted
Evi dence for nutagenicity. There is no dose-response assessnent
fromany source, or any study on which to base a dose-response
assessnment, known to the DEP at this tinme. There are NTP gavage
studies in rats and mce for which the chronic histopathology is
in progress (NTP, 1987). These studies will be reviewed by DEP
when rel eased by NTP. There is no unit risk value adopted by DEP
at this tine.
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Carci nogenicity Dose- Response Assessnent for Sel enium Sul fide

Summary

The wei ght of evidence classifications for seleniumsulfide
are G oup B2-Probabl e Human Carci nogen and ND for nutagenicity.
There is no quantitative dose-response assessnent fromthe CAG or
any other source known to the DEP at this tinme. The DEP has
perfornmed a dose-response assessnent based on the NCI gavage
study (NClI, 1980). _The recomrended unit risk for inhalation
exposyre to 1 (ug/n?) is the DEP value which is 2.02 x 10°°

(ug/ nt) 1.
Backgr ound

The wei ght of evidence designation for seleniumsulfide is
based primarily on tunors in rats and mce in the NC study (NC
1980). CAG has assigned a wei ght of evidence classification of
Goup B2 to seleniumdisulfide. At the tinme of the | ARC
assessnent of sel enium and sel eni um conpounds, the NCI study was
not avail able and the ani mal and human evi dence was consi dered
i nadequate by the I ARC (1 ARC, 1975).

There is no dose-response assessnent from any ot her source
known to the DEP at this time. The NCI gavage study of sel enium
sulfide (NCI, 1980) is considered to be adequate for quantitative
dose-response assessnent based on DEP procedures and the
assessnent is presented bel ow.

Calculation of Unit Risk Using the NCI Gavage Study

In this study, F344 rats were adm nistered 0,3 or 15 ng/kg/d
and B6C3F1 mce were adm nistered 0, 20 or 100 ng/kg/d of
sel enium sul fi de by gavage or 7 days per week for 103 weeks,
starting at 4 weeks of age. There were no treatnent-rel ated
effects on body weight or survival in any of the animal groups.

Significant increases in |liver carcinom and in conbi ned
Iiver carcinoma or neoplastic nodule were observed in the male
and female rat and in the femal e nouse. There was also a
significant increase in lung carcinoma and in conbi ned adenoma or
carcinoma of the lung in femal e nouse. The incidences of the
tunors observed in this study are shown in Table 1. Sone
treatnent-rel at ed nonneopl asti ¢ changes were reported in
hi gh- dose ani mal s including "focal cellular changes" in rat |iver
and accunul ation of dark pignent in interstitial and
peri bronchi ol ar areas of the |ung.

The dose is characterized by the NCI study as being primarily
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sel eni um nonosul fide, and the el enmental analysis is consistent
with a mxture of sel enium nonosul fide and sel eni um di sul fide, or
sel enium and sul fur, or both. For the purpose of this assessnent
the dose will be considered to be sel enium sulfide because no
adjustnment is possible to account for other constituents. The
dose is calculated as the surface area adjusted lifetine average
daily dose. The lifetime average daily dose (LAD) is the daily
dose x 103/104. The surface ar ea adj usted dose is obtained by
mul tiplying the LAD by (70/bw) Y3 with bw equal to the mean

term nal body weight of the group of animals in kilograms. The
adj usted doses are shown in Table 2. The dose-response
relationship was estimated by fitting the nultistage nodel to the
tunmor incidences in Table 1 and the surface area adjusted doses
in Table 2. The resulting 95% upper confidence Ilimts (ql*) are
shown in Table 1. The tunor site with the highest potency is the
female rat liver hepatocellular carcinoma or neoplastlc nodul e,
and t he carC|nogen|c potency at this site is 7.08 x 102
(ng/kg/d) The unit risk for inhalation exposure is calcul ated
assunming a 70kg person inhaling 20 n? of air per day and assumi ng
that the absorption of the inhaled dose is the sanme as absorption
of the gavage dose. The unit risk for 1 (ug/n?) air
concentration is:

7.08 x 102 x 20n® x 1/70kg x 1mg/1000mg = 2.02 x 10°° (ug/n?) !
Di scussi on

The unit risk value for seleniumsulfide is cal culated using
the NCI gavage study by the standard DEP procedure. The NCI
study is considered adequate for dose-response assessnent. There
is not sufficient reason to exclude any of the tunor sites, so
the site wth the highest potency (the nbst sensitive site) was
used. It is noted that the potency (the nost sensitive site) was
used. It is noted that the potency values fromall sites fal
within less than a two-fold range. The data fromthis study are
| ess than ideal for quantitative dose-response assessnment because
the | ow dose used was only one-fifth of the high dose and because
there were only significant increases in tunors in the high dose

group.

There were no additional data to account for dose, route, or
speci es-specific effects on carcinogenic potency. 1In accord with
the DEP policy, the use of direct extrapol ation of adm nistered
dose, and direct route-to-route and speci es-to-species
extrapol ation is reasonable in the absence of additional
information. In this study, the high incidence of tunors in the
hi gh dose conpared with the | ow dose group suggests a nonli near
response at hi gh doses. However, the | ow dose was only one fifth
of the high dose and the response in the | ow dose group, assum ng
a linear relationship, mght not be distinguishable from zero.

It is noted that the lung tunors in fenale m ce increase
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proportionately with dose. The DEP-ORS considers that the |inear
extrapolation to | ow dose is reasonable for this study.

The extrapol ation fromgavage to inhal ati on exposure is al so
made with the assunption that there are no differences between
routes in absorption and distribution. Mre soluble selenium
conpounds are known to be quickly absorbed fromlung and from
gastrointestinal exposure. Seleniumsulfide is relatively
insoluble fornms are absorbed to a large extent. At this tineg,
the DEP-ORS will consider that the assunption of the simlarity
of carcinogenic potency for a dose given via different routes is
reasonable. On this basis, the carcinogenic potency cal cul ated
for seleniumsulfide may be used for inhalation or oral exposure.
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TABLE 1. Incidences and Potencies for Dose-Response Assessnent
of Sel enium Sul fide Using the NCI Gavage Study.

Tunmor | nci dences Pot ency

Tunmor Site Cont r ol Low High ql* (ng/ kg/d)*
Mal e rat

Li ver carci noma 0/ 50 0/50 14/ 49 6.26 x 10°°
Li ver carci noma

or neopl astic

nodul e 1/ 50 0/50 24/ 49 6.26 x 1072
Fenml e rat

Li ver carci noma 0/ 50 0/50 21/50 7.08 x 10°°
Li ver carci noma

or neoplastic

nodul e 1/ 50 0/50 37/50 7.08 x 1072

Fenml e nouse

Li ver carci noma 0/ 49 1/50 22/ 49 3.99 x 1072
Li ver carci noma

or neoplastic

nodul e 0/ 49 2/50 25/49 6.31 x 1072
Lung carci nona 0/ 49 1/ 50 4/ 50

Lung carci noma

or adenoma 0/ 49 3/50 12/49 5.58 x 1072
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TABLE 2. Dose Cal culation for Dose- Response Assessnent of
Sel eni um Sul fide Using the NCI Gavage Study

Adm ni stered LAD Surface area adj .
dose (ng/kg/d) LAD (ng/ kg/d)

Mal e Rat | ow 3 2.97 0. 542

hi gh 15 14. 86 2.68
Femal e Rat | ow 3 2.97 0. 482

hi gh 15 14. 86 2.33
Mal e Mouse | ow 20 19. 81 1.60

hi gh 100 99. 04 8.01
Femal e Mouse | ow 20 19. 81 1.56

hi gh 100 99. 04 7.51
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Carci nogeni city Dose-Response for Styrene

Summary

The wei ght - of - evi dence cl assifications for styrene are G oup
B2 - Probabl e Human Carci nogen and Sufficient Evidence for
mutagenicity. The EPA has recently conpleted an analysis of the
carcinogenicity data for styrene and calculated an inhal ation
unit risk value of 5.7 x 10" (ug/n?) ! (EPA, 1987e) based on an
i nhal ation study in rats. The EPA unit risk value is adopted by
DEP for use in risk assessnent of inhalation exposures.

Background and D scussi on

The wei ght - of - evi dence designation for styrene is based on
the results of three studies which show increased tunor incidence
in animal s dosed with styrene or exposed by inhalation |In 1982
| ARC concl uded that there was |imted ani mal evidence (1982c) on
the basis of increased lung tunors in mce in the 1979 NCl study.

A study at DOWfound increased | eufem a/lynphosarconas in rats
after lifetinme inhalation exposures. Another study showed

i ncreased incidence and decreased age of onset for lung tunors in
m ce exposed by gavage.

The EPA val ue is being adopted in the interest of consistency
with EPA, and based on DEP and EPA policy to carry out
gquantitative cancer risk assessnment for chemcals in Goup B
Since the unit risk value is based on inhal ati on exposure, it
shoul d not be used for other routes of exposure.
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Carci nogenicity Dose-Response Assessnent for 1,1, 2,2, -
tetrachl or oet hane

Summary

The wei ght of evidence classifications for
1,1,2,2-tetrachl oroet hane are G oup C Possi bl e Human Carci nogen
and Suggestlve Evi dence for nutagen|C|ty The CAG cal cul ated a
carci nogeni c potency of 0.20 (ng/kg/d) -~ as part of the Water
Quality Criteria Docunent (EPA, 1980b) based on the NCI gavage
study (NCl, 1978a). The unit risk value for |nhalat|on exposure
based on this potency value is 5.8 x 10> (ug/n?) ! (EPA, 1986f).
The DEP has cal culated a unit risk value for inhalation exposure
based on the NCI study (NCI, 1978a) The DEP unit risk value for
i nhal ati on exposure is 7.70 x 10°° (ug/nmf) > According to the
EPA Gui del i nes (EPA, 1986b) and the DEP procedures, the
carcinogenicity data for chem cals in weight-of-evidence Goup C
are evaluated on a case-by-case basis with regard to their
adequacy for dose-response assessnent. the NCI study is
consi dered to be adequate for dose response assessment, and the
EPA unit risk value of 5.8 x 10°° (ug/n?) ! is adopted by DEP for
ri sk assessnent of inhalation exposures.

Background and D scussi on

The carci nogenicity wei ght-of-evidence is based on the
positive response in nouse liver in the NCI gavage study as
reviewed by | ARC (1979b). The | ARC designated the evidence as
"l'tmted". Wight-of-evidence Goup Cis assigned on the basis
of increased tunor incidence at a single site in a single
species. The NC study is considered | ess than ideal for
dose-response assessnent because:

-tunors only occurred at a single site

-tunors only occurred in a single species

-tunors occurred at a site with a high spontaneous
i nci dence

- hi gh dose groups showed reduced surviva

However, the tunors of the nouse liver in the NC study
occurred with a high incidence, were nalignant, and were
increased in a dose-dependent pattern. Based on these
considerations, the unit risk value cal cul ated using this study
is considered to be a reasonable estimte of carcinogenic potency
and is adopted for use.

The EPA unit risk estimate is based on the fermal e nouse |iver
tunors (EPA, 1986f). This value is adopted by DEP in the
interest of consistency with EPA
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Carci nogenicity Dose- Response Assessnent for Tetrachl oroet hyl ene

Summary

The wei ght of evidence classifications for
tetrachl oroet hyl ene are G oup B2 for carcinogenicity and
Suggestive Evidence for mutagenicity. The CAG has cal cul ated a
unit risk value for tetrachl oroethyl ene based on the NCI gavage
study and incorporating data describing the relationship between
adm ni stered dose and netabolized dose and data describing the
rel ati onshi p between human i nhal ed dose and netabolized dose.

The CAG reconnended unit risk value for inhalation exposure is
4.8 x 107 (ug/n?) ! (EPA, 1985h. The CAG has al so updated the
1985 docunent with an addendum ( EPA, 1986c) which includes a
guantitative assessnent of the NTP inhalation study (NTP, 1986h)
usi ng pharmacoki netic nodelling. The unit risk values resulting
fromthis assessnent are not considered by CAG to be
substantially different than the val ue obtained using the NC
gavage study. The DEP has calculated a unit risk which is also
based on the NCI gavage study and using the pharmacokinetic data
di scussed in the EPA docunent. The DEP unit risk value is 5.52 x
0°° (ug/n?)". The DEP has also calculated a unit risk val ue
based on the NTP inhal ation study, using disposition/netabolism
data presented in the EPA docunent to estimate netabolized data
presented in the EPA docunent to estinate netabollzed dose. The
unit risk value based on this analysis is 6.0 x 10° (ug/nt)*
The unit risk value adopted by DEP for risk assessnent of
i nhal ati on exposure is the DEP value of 5.52 x 10°° (ug/nt) !
based on the NCI gavage study. The details of the calcul ation of
t hese val ues and the reasons for the choice of values are
di scussed bel ow

Backgr ound

The wei ght of evidence designation for carcinogenicity is
based on the positive response in mce in the NCI gavage study
(NCI, 1977) as reviewed by I ARC (1 ARC, 1979b; 1982c), and the
positive responses in rats and mce in the NTP inhal ati on study
(NTP, 1986h). The EPA had classified the weight of evidence for
carcinogenicity for tetrachl oroethylene as Goup Cin the 1985
docunent, but changed that designation to Goup B2 in the 1986
addendum on the basis of the NITP inhalation study. The EPA
Scientific Advisory Board has reconmended that the wei ght of
evi dence be designated G oup C, but the EPA response is to
mai ntain the G oup B2 designation. The designation of
tetrachl oroet hyl ene as a G oup B2-Probabl e Human Carci nogen is
consistent with EPA guidelines. The toxicology and
carcinogenicity of tetrachloroethylene are reviewed in the EPA
Heal th Assessnent Docunent for Tetrachl oroethyl ene are revi ewed
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in the EPA Health Assessnment Docunent for Tetrachl oroethyl ene
(EPA, 1985h). This docunent also reviews many of the

phar macoki netic, metabolism but does not use pharnmacokinetic
nodelling in the risk assessnent in the Health Assessnent
Docunent. The DEP has perforned a dose-response assessnent based
on the same study used by the CAG (NCI gavage study) and using

t he met abol i sm and di sposition data di scussed by EPA. The DEP
unit risk value differs fromthe CAG value due mainly to

di fferences in assunptions nade about the anount of inhaled dose
which is netabolized in humans. The only other study which is
sui tabl e for dose-response assessnent for tetrachl oroethylene is
the NTP inhal ation study (NTP, 1986h). The CAG assessnent of
this study, described in the addendumto the health assessnent
docunent (EPA, 1986c¢) includes dose cal cul ati on based on direct
use of disposition/nmetabolismdata and based on pharnmacoki netic
nodel | i ng. The DEP has al so used the NTP inhal ati on study for
dose-response assessnent using netabolismand disposition data
reviewed by the EPA. The CAG dose-response assessnent is briefly
revi ewed bel ow and the DEP unit risk cal culations are descri bed
in detail.

CAG Dose- Response Assessnment Using the NCI Gavage Study

The CAG dose-response assessnent is based on the femal e nouse
liver tunors fromthe NCI gavage study. The dose cal cul ation
used by the CAG uses the data of Buben and O Fl aherty (1985)
showi ng a rel ati onship between urinary and gavage dose through a
range of concentrations which enconpassed the doses used in the
NCl study. The Buben and O Fl aherty study showed a pattern
characteristic of a saturating effect, with netabolism neasured
as total urinary netabolites deviating fromlinearity at doses
greater than 200 ng/kg. These data were fit to an equation with
the M chaelis-Menton fromequation and this equation was used to
cal cul ate netabolized dose fromthe gavage doses used in the NC
study. The resulting lifetinme average dose for female mce used
by the CAG are 0, 31.1, and 45.4 ng/kg/d and are expressed as
dose netabolized to urinary netabolites. The CAG preferred to
use a dose neasurenent based on urinary netabolites rather than
adjusting the data to total netabolism because the data used
later in their assessnent to estimate human netabolism are based
on neasurenents of urinary netabolites. The incidences used in
t he CAG dose-response assessnent are 0/20, 19/48, and 19/48 for
the control, Iow, and high dose groups respectively. The 95%
upper confidence limt on the linear termin the nultistage nodel
fit to this tunor incidence and netabolized dose data set is 2.5
x 10°' (ng/kg/d) . this value includes a scaling factor for
surface area. The conversion of this carcinogenic potency to a
unit risk value for air exposure is nmade by the CAG using the
study by Bol anowska and Gol acka (1972). In this study 5 human
subj ects were exposed to approxi mately 50ppm (390, 000 ug/ n?) of
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tetrachl oroethyl ene for 6 hours and urine netabolites were
nmeasured during exposure and for 14 hours after exposure. Using
the data presented, the CAG estimates that the total netabolites
in urine were about 13ng for this exposure. Using direct |inear
extrapol ation fromthe results of the Bol anowska and ol acka
study to | ow exposure concentration and 24 hour exposure, the CAG
estimates that the netabolized dose due to 1 ug/n? of

tetrachl oroethylene is 1.33 x 10* ng/d or 1.9 x 10°° (ng/ kg/d)
for a 70kg person exposed continuously. Based on the common
assunption that a 70kg person inhal es 20nt of air per day, the
total inhaled dose due to 1 ug/n? of tetrachloroethylene |n air
woul d be 1 ug/n? x 20 n? x 1/70kg x 1ng/ 1000ug = 2.86 x 10°*

ng/ kg/ d. The netabolized dose used in the CAG assessnent is then
0.66% of the inhal ed dose. The CAG assessnent therefore assunes
that 0.66% of the total inhaled dose in humans is netabolized to
urinary netabolites at |ow concentrations of tetrachl oroethyl ene
in air, and this assunption is based on the results of a study
with five human subjects exposed to 50 ppm of

tetrachl oroethyl ene. Based on this use of the data the final
CAG uni t rlsk for inhal ati on exposure |s 2.5 x 10 (n‘g/kg/d)'l
1.9 x 10°° (ng/kg/d)/1 ug/n? = 4.8 x 1077 (ug/ n?) *

CAG Dose- Response Assessnment Using the NTP I nhal ati on Study

The CAG has al so assessed the results of the NTP inhalation
study (NTP, 1986h) and cal cul ated the inhalation unit risk based
on this study (EPA, 1986¢). In this study, nmale and fenmal e F344
rats were exposed to 0, 200, or 400 ppm of tetrachl oroethyl ene
and nmal e and fermal e B6C3F1 m ce were exposed to 0, 100, or 200
ppmtetrachl oroet hyl ene for 6 hours/day, 5 days/week, for 103
weeks. There were increases in |liver hepatocellular carcinoma in
mal e and femal e m ce and increases in nononucl ear cell |eukem a
in male and female rats. The increase in kidney tubular cel
tunors in male rats was not statistically significant, but nay be
biologically significant due to the rare spontaneous incidence of
this tunor. The tunor incidences are shown in Table 3. No
significant effect on body weight occurred in rats or m ce.

There were significant dose-related effects on survival in nale
rats and in male and female mce. Significant increases in
several nonneopl astic pathol ogi es were observed i ncludi ng ki dney
karyonegaly in male and female rats, kidney hyperplasia in nmale
rats, adrenal hyperplasia in nmale and female rats, |ung necrosis
in mce and |liver degeneration and necrosis in male and fenmal e

n ce.

The CAG used three approaches to cal cul ati on of the dose for
use in dose-response nodeling. The first approach invol ved
direct estimation using netabolismdisposition data. The other
two approaches used a physi ol ogi cal | y-based phar macoki neti c nodel
to estimate dose.
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For direct estimation of dose in rats CAG uses the data of
Pegg et al. (1979) in which SD rats were exposed to 10 or 600 ppm
of tetrachloroethylene for 6 hours and exhal ed or excreted
radi oactivity was neasured for 72 hours after exposure. During
this time, 32% and 12% of the body burden was netabolized at 10
and 600 ppmrespectively. These data were used to estimate the
nmet abol i zed dose at the concentrations used in the NTP study (200
and 400 ppnm). To do this, CAG fits an equation of the
M chaelis-Menton fromto the data. The equation has the formM =
(Vx d)/(K+d with M= urinary netabolites (ng/kg), and d =
exposure concentration in ppm The value of Mis used as urinary
nmet abolites so the human netabolism data of Bol anowska and
Bol acka, reported as urinary netabolites, can be used to
cal cul ate human unit risk as described previously. The val ues of
V and K are said by CAG to have been estinmated fromthe data.
Usi ng the equation derived, CAG estimtes dose netabolized to
urinary netabolites in rats to be 11.9 and 16.05 ng/kg/d for the
| ow and hi gh exposure concentrations in the NTP study. Since it
is not possible to solve an equation for two variables given only
two data points wthout sone other information, and no ot her
information is cited in the CAG assessnent, it is not clear how
t he equation used by CAG was derived. Because of this
uncertainty, the DEP will not use this dose estimate, and w ||
use an alternative procedure as described bel ow

For mce, the only data avail able for dose cal cul ation for
i nhal ati on exposure are the data of Schumann et al. (1980) which
show t he disposition of tetrachl oroethyl ene after exposure to 10
ppm for 6 hours. The CAG assunes that mce netabolized 5 tines
nore than rats at the levels used in the NTP study. This is
based on interpol ation between a factor of 10 difference at | ow
concentrations and a factor of 2-3 difference at high
concentrations. The factor of 10 based on conparison of the data
of Pegg et al. for rats and the data of Schumann et al. for mce,
both at 10 ppmfor 6 hour, in which the urinary netabolites in
mce were 10 times greater than in rats on a ng/kg basis. This
is not a reasonabl e conpari son because at 10 ppmthe rat was near
saturation (68% of body burden exhal ed unchanged) while the nouse
was apparently not near saturation (12% of body burden exhal ed
unchanged). The factor of 2-3 is based on the assunption that
the V max scales to surface area between species. There is no
evidence that this is the case for tetrachl oroethylene. This
assunption i s supported by CAG by evidence from gavage exposure
to 500 ng/kg in mce and rats (Pegg et al., 1979; Schumann et
al ., 1980) but these studies do not give any information about
t he shape of the dose-response curve and it is therefore not
reasonable to assune that this relationship is the same for mce
and rats. This assunption is made by the CAG and the val ues for
urinary netabolites for mce are obtained by multiplying by 5 the
val ues obtai ned using the equation derived for rats. The DEP
used a substantially different approach as described later. The
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unit risks calcul ated are based on the surface area adjusted dose
and use the human data of Bol anowska and Gol acka as descri bed for
the NCI gavage study.

The CAG al so used two different approaches to cal cul ati on of
t he dose based on pharmacoki netic nodeling. The first nethod
uses human netabolized doses cal cul ated fromthe pharnmacokinetic
nodel and the second nethod uses the nodel to predict the nouse
nmet abol i zed dose and then incorporates the data of Bol anowska and
Gol acka to cal cul ate the human unit risk. The CAG risk estimates
for these three nmethods used to cal cul ate dose are:

a.) 2.9x 107 to 9.5 x 107 (ug/nt)?
b.) 2.9 x 10° to 1.1 x 10 (ug/nt)*
c.) 9.6 x 10" to 3.6 x 10° (ug/n?t)?

Based on this analysis, CAG considers the unit risk estimates
usi ng the pharnmacokinetic nodel to be unreliable due to
uncertainties about several of the nodel inputs. The CAG states
that the unit risk values fromnmethod 1, using direct estimation
of dose from netabolismstudies, are the nost certain estinmates.
Since this range of values includes the value derived by CAG
based on the NCI gavage study, the CAG does not change its
recommendation regarding the unit risk val ue.

DEP Cal culation of Unit R sk Based on NCI Gavage Study

The DEP cal culated a unit risk value based on the nmal e and
femal e nouse liver tunors found in the NCI gavage study. The
tunor incidences reported are shown in Table 1. The dose
cal cul ation used by the DEP is summari zed in Table 2. The
adm ni stered dose (Colum 1) is used to calculate the dose
met abol i zed to urinary trichloroacetic acid (TCA) (Colum 2)
usi ng the equation derived by the CAG using the Buben and
O Fl aherty data. Colum 3 is the netabolized dose expressed as
mg of tetrachl oroethylene (Colum 3 x MNPERC/ MW TCA = Colum 3 x
165.8/163.4). The lifetinme average daily dose (LAD, Colum 4) is
cal cul ated as netabolized dose x 5/7 x 78/ 95. The final term
derives fromthe fact that the aninmals were dosed for 78 weeks
and were killed at 95 weeks of age. The LADis simlar to the
doses cited in the CAG analysis. A further adjustnent is nade to
convert LAD based on urinary netabolites (Colum 4) to tota
nmetabolites (Colum 5). This adjustnent is based on the
assunption that the urinary netabolites are 80% of the total
metabolism This derives fromthe EPA analysis of the data of
Schumann et al. (1980), Pegg et al. (1979) and Buben and
O Flaherty (1985). This adjustnent was not used by the CAG The
LAD is then converted to equival ent human doses based on surface
area scaling by nultiplying the LAD by (bw 70)Y2® with body wei ght
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equal to the average term nal body weight of the animl group.
The CAG assessnent applies this adjustnment to the carcinogenic
potency after fitting the nmultistage nodel to the incidences in
Table 1 and the surface area adjusted lifetinme average dose in
Colum 6 of Table 2. The resulting carcinogenic risk values are
shown in Table 1 for each site. The carcinogenic risk (qi is
the 95% upper confidence Iimt on the linear termin the

mul ti stage nodel. The ql* value is adjusted for | ess than
lifetime exposure by nmultiplying it by (104/95) = 1.31. This is
based on a 104 week nomnal lifetinme for mce and the fact that

the mce were killed at 95 weeks of age in the NCI study. The
carci nogeni ¢ potency value for the fermal e nouse using the

i ncidence cited by EPA is selected as the nost appropriate val ue
and the unit risk for |nhalat|on exposure |s based on the potency
at this site which is 2.76 x 10°* (ng/kg/d)*

The DEP conversion to inhal ati on exposure assunes that the
nmet abol i zed dose is equal to 70% of the inhaled dose. This
assunption is substantially different than the approach used in
the CAG assessnment and is discussed below. Based on this
assunption, the metabolized dose durlng exposur e, to 1 ug/ntis 1
ug/ nt x 20n? x 1/70kg x 1/1000 x .70 = 2. oo x 10* (rmg/ kg/ d) . The
unit risk for |nhalat|on exposure to 1 #?/ is then 2. 76 x 107!
(mg/ kg/d)™* x 2.00 x 10°* (rmy/ kg/ d)/ (ug/ 5.52 x 10°° (ug/n?)*!

DEP Unit Risk Calculation Using NTP Inhal ati on Study

The dose cal cul ation used by the DEP relies on the data
reviewed in the EPA docunent (EPA, 1985h). The dose cal cul ation
for the rat study uses the data of Pegg et al. (1979) as
presented by the EPA. Rats were exposed to 10 or 600 ppmfor 6
hours and the expired air, urine and feces were collected for 72
hours after exposure ended, and anal yzed for tetrachl oroethyl ene
and netabolites. The anount of tetrachl oroethyl ene recovered in
any formwas 5.92 ng/ kg and 310 ng/kg in the 10 and 600 ppm
groups respectively. This will be referred to as the body burden
at the end of exposure. Wen normalized to exposure
concentrations, the body burden of 0.592 and 0.517 (ng/kg)/ppm
were obtained. The average value is 0.554 (ng/kg)/ppmand is
used to approxi mate the body burden for the exposures used in the
NTP study for rats (200 and 400 ppm. This use of the body
burden data assunes a |linear rel ationship between body burden and
exposure concentrations exists through the range of
concentrations used by Pegg et al. This is considered to be a
reasonabl e approxi mati on because the ratio of body burden to
exposure concentrations for 10 and 600 ppmdiffer by |ess than
15% of their nmean. Using this value, the body burden for the
concentrations used in the NTP study are cal cul ated and are shown
in Table 4, Colum 2. The data from Pegg et al. (1979) show t hat
the proportion of the body burden that is netabolized is 32% and
12%in the 10 and 600 ppm groups respectively. Using |inear
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interpolation of the relationship between inhal ed concentration
and % of body burden netabolized to approxi mate the netabolism at
the concentrations used by the NTP results in the values in Table
4, Colum3. Columm 4 gives the resulting estimte of netabolized
dose. This is likely to be an overestimate of the proportion of
t he body burden netabolized, resulting in an overesti mate of

nmet abol i zed dose and an underesti mate of carcinogenic potency.
However, this is considered to be a reasonabl e dose estimte and
is preferred to the CAG estimates for the reasons cited
previously. Assumng that urinary netabolites are 50% of the
total netabolites, the val ues obtained by the DEP (Table 4) and
by CAG (cited previously) are conparable. Using this as the

nmet abol i zed dose, the lifetinme average dose is calculated a

met abol i zed dose x 5/7 and shown in Table 4, Colum 5; and the
surface area adjusted LAD is shown in Colum 6 of Table 4. The
doses shown in Table 4, Colum 6 are used for dose-response

nmodel ing for rats.

This dose calculation is based on a study in which
nmet abolites were neasured after a 6 hour exposure in rats. The
nmet abol i sm during the exposure period was not neasured and nust
be assuned to be small. This is considered to be a reasonabl e
assunption based on the slow netabolismof tetrachl oroethylene in
the rats.

For mce, there are fewer data useful for dose cal cul ation
and the calculation is less certain. For this assessnent, only
the data of Schumann et al. (1980) are available. 1In contrast to
t he approach used by CAG (nethod 1), which assunes that the nouse
dose netaboli sm curve approaches saturation with a formsim|lar
to the rat, the DEP assunes that the exposure concentration used
in the NTP inhalation study do not result in netabolic
saturation. This assunption is supported by the aninal data. As
di scussed previously, the data of Pegg et al. (1979) show t hat
the body burden at the end of exposure increases linearly with
exposure concentration in in rats exposed to 10 to 600 ppm
tetrachl oroethylene for 6 hr. It appears reasonable to assune
that this is also true of mce. Schumann et al. (1980) neasured
tetrachl oroet hyl ene and netabolites in the expired air, urine and
feces in mce after 6 hr exposure to 10 ppm of
tetrachl oroethylene. In the Schumann et al. study, the body
burden at the end of exposure is 16.5 ng/kg and 88% of the body
burden is netabolized. There is no simlar information avail able
for other exposure concentrations.

Assumi ng a linear increase, the body burden at 100 and 200
ppm woul d be 165 and 330 ng/kg. The data of Buben and O Fl aherty
show that the relationship between gavage dose and urinary
metabolites is linear in Swiss-Cox mce up to a dose of 500
mg/ kg. It can be assuned that the gavage dose is equivalent to
the body burden at the end of a 6 hr inhalation exposure with
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regard to its eventual disposition, and that the Sw ss-Cox m ce
used by Buben and O Flaherty are representative of the B6C3F1
mce used in the NTP study. It follows that the doses received
in the NTP study are on the linear part of the dose netabolism
curve and that the value of 88% netabolized is reasonabl e at
these levels. This is used to calculate the nmetabolized dose as
shown in Table 5. [If the urinary netabolites are assuned to be
hal f of the total, then the val ues used for netabolized dose by
CAG are about 1/2 of the values obtained by DEP, because the CAG
assuned that the levels used were on the nonlinear part of the
dose- net abol i sm cur ve.

In this calculation, the actual dose could be underesti mated
because the data do not account for netabolismduring the
exposure, and could be overestimted due to extrapolation from
the | ow concentration used by the NTP. The net effect of these
potential errors on the dose estimati on and hence on the risk
estimate is not known. This dose cal culation al so assunes that
t he nmet abol i zed dose for a single 6-hour exposure will be the
sane when doses are given chronically. Because the netabolism of
tetrachl oroethylene is slow, the dose given on one day is
probably not conpletely cleared before the next day's exposure,
| eading to accumul ati on of tetrachl oroet hyl ene, and increased
body burden. This would |ead to an underestimate of the actual
nmet abol i zed dose. It is not possible to knowif this is the case
because only one dose |level is available but this is considered
to be a reasonabl e approach.

The risk estimates for rats and m ce were cal cul at ed usi ng
the surface area adjusted doses presented in Table 4 and 5 and
the incidences in Table 3. The unit risk estimate is taken as
the 95% upper confidence Ilimt on the linear termof the
mul ti stage nodel and is presented in Table 6.

The unit risk for inhalation exposur e to 1 ug/n? based on the
mal e rat kidney tunor is 9.1 x 10°° (ug/n)"%.  This value is
based on the assunption that a 70kg person breathes 20 n¥/d and
that a 70% of the inhaled tetrachl oroethylene is netabolized.

The nost sensitive site in this analysis is the male rat
nmononucl ear cell Ieuken1a mhlch gives a unit risk for inhalation
exposure of 6.01 x 10°° (ug/nf) . The unit risk value for femal e
mouse liver is 1.47 x 10°° conpared with 5.5 x 10® fromthe
gavage study. The unit rlsk for the male nouse liver is 4.1 x
10°° conpared with 9.7 x 10°° in the gavage study.

Di scussi on

The unit risk value calculated for the NTP inhal ati on study
is not considered by DEP to be a reasonable quantitative estinate
of the carcinogenic potency of tetrachl oroethyl ene because of the
uncertainty in the cal culations of netabolized dose. The
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cal cul ati on of netabolized dose for the gavage study is nore
reliabl e because the data of Buben and O Fl aherty provide
information on the netabolismof a range of doses that include
the doses used in the NCI gavage study. The data on netabolism
of tetrachl oroethylene after inhalation exposure are l[imted to a
single group of animals for mce and two groups for rats. The
DEP anal ysis used only the data provided in the EPA Health
Assessnment Docunment and did not use pharmacoki netic nodeling.

The unit risk cal culation based on the NCI gavage study done
by the DEP is preferred for inhalation exposure to | ow
concentrations. The cal culation of the human equival ent doses
are very simlar in the DEP and the CAG assessnents of the NCl
gavage study. The resulting carcinogenic potency values are 2.5
x 107" (my/kg/d)"! in the CAG assessnent and 2.76 x 10*

(ng/ kg/d) ' in the DEP assessment. the major difference in the
CAG and DEP unit risk values for inhalation exposures are due to
t he assunptions nmade about the extent of absorption and

nmet abol i sm of inhal ed tetrachl oroethyl ene in humans. The CAG

cal cul ations use the data of Bol anowska and Gol acka (1972) in

whi ch netaboli smwas neasured in humans after exposure to 390, 000
ug/ m® of tetrachl oroethylene for 6 hours. Based on the EPA
analysis of this study, and the assunption of 20 m¥/d inhaled for
a 70kg person, this study showed that 0.66% of the inhal ed dose
was netabolized This result is assunmed in the CAG cal cul ati on of
unit risk for air exposure. Use of the CAGrisk estimate for
estimation of risk at anbient exposure |evels assunes that the
results of this study can be extrapol ated over five orders of
magni t ude of dose.

The DEP assessnment considers it nore likely that the
proportion of the inhaled dose which is netabolized varies with
the dose and that at |ow enough doses nearly all of the absorbed
chemcal is netabolized. |If all tissues are assuned to have sone
met abol i zi ng capacity, then it is reasonable to assuned to have
sone netabolizing capacity, then it is reasonable to assune that
at sone | ow airborne concentration none of the tissues are
saturated (capacity limted). Under this condition, the
met abolismin nost tissues would be flowlimted and 100% of the
absor bed dose woul d be netabolized. The bl ood concentration
woul d then be zero in the pulnonary artery and the absorption
woul d be a function of the blood;air partition coefficient.
Anderson et al. (1981) have presented a theoretical curve show ng
that under these conditions the proportion of the inhaled dose
that is netabolized approaches a maxi mum of 67% at bl ood: air
partition coefficient greater than 10. This is based on the use
by these authors of alveolar ventilation equal to 67% of the
total ventilation and the assunption that the absorption of

i nhal ed gases occur at the alveolar level. The DEP assessnent
assunes that the |levels of tetrachl oroethyl ene that are of
concern due to environnental exposure will be too |low to cause
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met abolic saturation in any tissue and that the nmetabolized dose
will be equal to 70% of the inhaled dose. This is considered to
be a nore reasonable quantitative dose-response assessnent for
anbi ent air exposure.

The final unit risk estimate for the NCI gavage study was
5.52 x 10°° (ug/n?)"!.  The unit risk values calculated for the
NTP i nhal ation study ranged from6 x 10° to 9 x 10°° (ug/n? !

The result for the NTP inhal ation study nust be considered to be
uncertain at this tinme because of the limted anpbunt of data that
are avail able for calculation of netabolized dose. Neverthel ess,
the results fromthe two studies agree fairly well, |ending
confidence to the unit risk based on the gavage study.
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Table 1. Tunor Incidences and Potencies fromthe NCI Gavage
Study of Tetrachl oroethyl ene

| nci dences Pot ency
Control Low Dose Hi gh Dose gql* gql*
LLE adj usted

Mouse
Mal e 2/ 20 32/ 49 27/ 48 2.578 x 100t 3.38 x 10¢
Femal e 0/ 20 19/ 48 19/ 48 2.004 x 10t 2.63 x 10¢
CAG 0/ 20 19/ 48 19/ 45 2.106 x 10t 2.76 x 10?

Table 2. Dose Cal cul ati on for Dose-Response Assessnment of
Tetrachl oroet hyl ene Using the NCI Gavage Study.

(1) (2) (3) (4) (5)  (6)
adm n. nmetab. net ab. LAD LAD adj. surface
dose mg TCA/ ng PERC ny/ urinary area adj .
nmg/ kg/ d kg/d kg/d kg/d to total ny/kg/d
met abol .

nouse
male | ow 536 60. 95 61. 84 36. 27 45. 34 3. 46
high 1072 84.18 85. 42 50. 10 62. 63 4. 77

female |ow 386 50. 19 50. 93 29. 87 37. 34 2.65
hi gh 772 73. 32 74. 40 43. 63 54. 54 3.87
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Tabl e 3. Incidences for Dose-Response Assessnent of

Tetrachl oroet hyl ene Using the NTP Inhal ati on Study

Mal e rat _
Mononucl ear cell |eukem a

Ki dney tubul ar cel

Fenal e rat _
Mononucl ear cell | eukem a

Mal e nouse _
Hepat ocel | ul ar carci noma

Hepat ocel | ul ar adenoma
or carcinoma

Fenmal e nouse _
Hepat ocel | ul ar carci noma

Hepat ocel | ul ar adenoma
or carcinoma

act ual

adj .

act ual

adj .

act ual

adj .

act ual

adj .

act ual

adj .

act ual

adj .

act ual

adj .
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Contr ol

28/ 50
32

1/ 49

18/ 50

27

7149

17/ 49
18

1/ 48

4/ 48

Low
dose

37/ 50
40

3/ 49
5

30/ 50

25/ 49
29

31/ 49
36
13/ 50
18

17/ 50
23

Hi gh
dose

37/ 50
45

4/ 50
11

29/ 50

26/ 50
29

41/ 50
45
6/ 50
46

38/ 50
46



Table 4. Dose Calculation for Rats for Dose- Response Assessnent
of Tetrachl oroet hyl ene Using the NTP Inhal ati on Study.

(1) (2) (3) (4) (5) (6)
exposure body % of nmet abol i zed Surface area
conc. bur den b. b. dose LAD adj usted LAD
ppm ng/ kg met abol . ny/ kg/d ng/ kg/ d ng/ kg/ d
Mal e Femal e
200 110. 8 25. 6 28. 4 20. 3 3.80 3.36
400 221.6 18.8 41.7 29. 8 5.58 4.95

Table 5. Dose Calculation for Mce for Dose-Response Assessnent
of Tetrachl oroet hyl ene Using the NTP I nhal ati on Study.

Exposur e Body Met abol . LAD Surface area
Concentration burden dose (mgy/ kg/ d) adj ust ed dose
(rmg/ kg/ d) (mg/ kg/ d) (gl kg/ d) (rmg/ kg/ d)
mal e femal e
100 165 145 104 8. 45 8. 05
200 330 290 207 16. 8 15.5
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Tabl e 6. Carcinogenic Potency From Dose- Response Assessnent of
Tetrachl oroet hyl ene Using the NTP I nhal ati on St udy.

Site Pot ency
ql* (ng/ kg/d) !

Mal e rat

Mononucl ear cel | |eukenia 3.00 x 1072

Ki dney tubul ar cel | 4.57 x 1072
Femal e rat

Mononucl ear cell | eukenm a 1.66 x 10
Mal e nouse

Hepat ocel | ul ar carci nonma 7.31 x 1072

Hepat ocel | ul ar adena or

car ci nona 1.43 x 10
Femal e nouse

Hepat ocel | ul ar carci noma 3.16 x 1072

Hepat ocel | ul ar adenma or

car ci nona 5.15 x 1072
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Carci nogenicity Dose-Response Assessnent for Tetrahydrofuran

Summary

The wei ght of evidence classifications for tetrahydrofuran
are D-Not Classifiable as to Human Carcinogenicity and ND for
nmut agenicity. There is no quantitative dose-response assessnent
avai l abl e from any other source and no study on which to base a
dose-response assessnent known to the DEP at this tine. An NTP
i nhal ation study in rats and mce has been assigned to a lab for
t oxi col ogy study (NTP, 1987). There is no unit risk value
adopted by DEP at this tine.
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Carci nogenicity dose-Response Assessnent for Tol uene

Summary

The wei ght of evidence classifications for toluene are G oup
D-Not Classifiable as to Human Carci nogenicity and non-positive
for nutagenicity. There is no dose-response assessnent avail abl e
fromany source or any study on which to base a dose-response
assessnent known to the DEP at this tinme. The EPA eval uated the
carcinogenicity data avail able for toluene concluded that there
were insufficient data to evaluate carcinogenicity or to
cal cul at e carci nogeni c potency (EPA, 1980d). There is an NITP
i nhal ation study with rats and mce for which the quality
assessnment is in progress (NTP, 1987). The DEP will review this
study when it is released by the NTP. There is no unit risk
val ue adopted by DEP at this tine.
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Carci nogenicity Dose-RResponse Assessnent for Toluene Diisocyanate

Summary

The wei ght of evidence classifications for tol uene
di i socyanate are G oup B2-Probabl e Human Carci nogen and ND for
nmut agenicity. There is no dose-response assessnent from CAG or
any other source known to the DEP at this tinme. The DEP
dose-response assessnent based on the NTP gavage study (NTP
1986b) is presented herein. The unit risk value adopted by DEP
for risk assessment of inhalation exposure is 6.79 x 10°

(ug/ nt) 1.
Backgr ound

The carcinogenicity weight of evidence classification
assigned by DEP is based primarily on the NTP gavage study in
whi ch tunors were observed in rats and mce. At the tinme of the
| ARC review of the data for toluene diisocyanate (I ARC, 1979a),
there were no adequate data on which to base an assessnent of
carcinogenicity. The NTP study is the only study known to the
DEP whi ch is adequate for dose-response assessnment. The CAGis
currently in the process of performng a quantitative
dose-response assessnent for toluene diisocyante (Charlis R s
8- 26-86, personal comunication). The DEP assessnent is
present ed bel ow.

Unit Risk Calculation Based on NTP Study

In this study F344 rats and B6C3F1 m ce were dosed by gavage
with toluene diisocyante 5 days per week for 106 weeks (rats) or
105 weeks (mce). The dose levels were 0, 30, or 60 ng/kg/d for
male rats 0, 120, or 240 ny/kg/d for nmale mce, and 0. 60, or 120
nmg/ kg/d for female rats and mce. Statistically significant
dose-rel ated effects on body weight occurred in nmales and fenal es
of both species. There was al so a dose-rel ated decrease in
survival in male and female rats and nale mce, but not in fenale
m ce.

I ncreased tunor incidences were reported at several sites in
both rats and mce. The incidences used in this assessnent are
shown in Table 1. Adjusted incidences are reported by the NTP to
account for treatnent-related effects on survival.

The lifetime average daily dose (LAD) is obtained by
mul tiplying the adm ni stered dose by 5/7. The LAD is converted
to an equi val ent human dose by surface area scaling as foll ows:

Surface Area Adjusted LAD = LAD x (70/b.w. ) Y3
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with b.w equal to the the nean term nal body wei ght of the group
of animals. The dose calculations are presented in Table 2.

The dose-response curve was estimated by fitting the
mul ti stage nodel to the incidences in Table 1 and the surface
area adjusted lifetime average daily dose in Table 2. The 95%
upper confidence limt on the linear termis taken as the
estimate of carcinogenic potency for each site This paraneter
(gl*) is listed in Table 1

The femal e nouse circul atory hemangi oma or hemangi osarcoma i s
the preferred site for carcinogenic potency estimtion as
di scussed bel ow. The carcinogenic potency at this site is 2.37 X
102 (ng/ kg/d) . This potency value is used to calculate a unit
risk for lifetime eﬁgosure to 1 ug/n? in air, assumng a 70 kg
person inhaling 20 of air, as follows:

2.37 x 102 x 20 x 1 x _1mg = 6.79x10°° (ug/n?) !
(nmy/ kg/ d) * d 70kg 1000ug

Di scussi on

The cal cul ation of the unit risk value for toluene
dii socyante is consistent with the DEP policy to perform
dose-response assessnent on chemcals in Goup B. The NTP gavage
study is the only carcinogenicity study for toluene diisocyanate
known to the DEP and this study was the basis for the
dose-response assessnent.

The femal e nouse circulatory tunors were sel ected as the nost
appropriate site for use in dose-response assessnent. The fenale
mouse tunor is preferred to the rat because the rat data were
were conprom sed due to decreased survival in the treated
animals. The circulatory tunors in the femal e nouse are
preferred to the liver tunors because there was no significant
increase in liver hepatocellular carcinonmas. It is the policy of
the DEP that only sites with significantly el evated malignant
tunors will be considered appropriate for dose-response
assessnment. The criteria for site selection are discussed in
detail in Appendix D

There were no additional data to account for dose, route, or
speci es specific effects on carcinogenic potency. This
assessnent is therefore based on the assunption that high-dose to
| ow-dose, route-to-route, and speci es-to-species extrapol ations
are valid. The basis for the use of these assunptions is
di scussed in detail in Appendix D. Because this assessnent is
based on the use of direct route-to-route extrapol ation, the unit
ri sk value can be used for oral or inhalation exposure.

E- 96



Tabl e 1. Tunor I ncidences and Carcinogeni c Potencies for Tol uene

Di i socyanate Based on the NTP Study

Tunmor | nci dence

Cont r ol Low Hi gh
Dose Dose (ng/ kg/ d) *?

Mal e rat

Subcut aneous fi broma 3/ 50 6/ 50 12/ 50
or fibrosarcom?

Adj ust ed 4 17 33

Pancreati ¢ Aci nar 1/ 47 3/ 47 7/ 49
Cell Adenonmm

Adj ust ed 1 9 29

Fenal e Rat

Subcut aneous fi broma 2/ 50 1/ 50 5/ 50
or fibrosarcoma?

Adj ust ed 3 3 26

Pancreatic islet cell 0/ 50 6/ 49 2/ 47
adenonna

Adj ust ed 0 12 16

Li ver neopl atic nodul e 3/ 50 8/ 50 8/ 48

Adj ust ed 4 15 29

Mammary gl and and 7/ 50 25/ 50 21/ 50

subcut aneous fi broadenonna

Adj ust ed 22 44 46

Femal e nouse

Crcul atory hemangi oma_ 0/ 50 1/ 50 5/ 50
or hemangi osar cona

Adj ust ed 0 1 7

Li ver hepatocel | ul ar 4/ 50 5/ 50 15/ 50
or carci nona?

Adj ust ed 5 6 22

; Mal i gnant tunors were significantly el evated.
Mal
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Pot ency

N W NN O D N P b

A B NN

g:*

. 30x10°?
. 41x101
. 86x10°?
. 47x10°2

. 88x10°3
.31x10°2
. 60x10°2
.10x10°?

. 22X1072
. 21X1072

. 70X1072
.58X10°*!

.07X10°2
. 37X10°2
. 35X10°2
. 08X10°2



Tabl e 2. Dose cal cul ations for Dose-Response Assessnent of
Tol uene Diisocyanate Using the NTP Study

Admi ni st ered LAD Surface Area

Dose Adj ust ed

Dose
nmg/ kg/ d ng/ kg/ d ng/ kg/ d
Mal e Rat Low dose 30 21. 4 3.77
H gh dose 60 42.9 7.19
Femal e Rat Low dose 60 42.9 6.23
H gh dose 120 85.7 11. 96
Mal e Mouse Low Dose 120 85.7 6. 90
Hi gh dose 240 171 13.4
Femal e Mouse Low dose 60 42.9 3. 37
Hi gh dose 120 85.7 6. 57
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Carci nogenicity Dose-Response Assessnent for o-toluidine

Summary

The wei ght - of - evi dence cl assifications for o-toluidine are
G oup B2-Probabl e Human Carci nogen and Suggestive for
nmut agenicity. There is no CAG recommended unit risk val ue at
this time and there is no dose-response assessnment from any ot her
source known to the DEP at his tinme. The Rhode Island DEMis
currently performng a dose-response assessnent for o-tol uidine.
The DEP-ORS will review this work when it is finished. The DEP
has cal cul ated the carci nogenic potency for o-tol uidine using the
NC study in which the chem cal was adm nistered in the feed
(NCI, 1979a). The unit val ue recomrended for inhalation exposure
is the DEP value of 5.72 x 10°°® (ug/n?) L.

Backgr ound

The carci nogeni ¢ wei ght - of - evi dence cl assification for
o-toluidine is assigned by DEP and is based on positive responses
inrats and two strains of nouse after oral exposure, as reviewed
by ARC (1 ARC, 1982a). The | ARC concluded that there is
sufficient evidence that o-toluidine causes cancer in aninmals
(' ARC, 1982c). The DEP dose-response assessnent is based on the
NCl feeding study and is presented below. The | ARC review al so
di scusses the Wisburger et al. (1978( study which showed
increases in tunors in rats and mce. The Wisburger et al.
study was not reviewed by the DEP. There is no current activity
in the NTP bi oassay programregarding o-tol uidine (NTP, 1987).

Di scussi on

The calculation of a unit risk value for o-toluidine is
performed because the wei ght of evidence for carcinogenicity is
G oup B and because the NCI study is considered to be adequate
for quantitative dose-response assessnent. The fenal e nouse
liver was selected as the nost appropriate site for use in
quantitative dose-response assessnent. The nouse was preferred
to the rat in this study because of dose related effects on rat
survival. The site selected is the nbst sensitive site show ng
i ncreased tunors in the nouse.

There were no additional data describing dose, route, or
speci es-specific effects on carcinogenic potency. This
assessnent therefore assunes that there are no hi gh-dose effects
on carcinogeni c potency, that the oral and inhalation routes are
equi valent with regard to the carcinogenic potency, and that
direct interspecies extrapolation is valid. The basis for the
use of these assunptions is discussed in detail in Appendix D. 4
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Because equi val ence of routes of exposure is assuned, the
car ci nogeni c potency derived here can be used for oral or
i nhal ati on exposure.

Calculation of Unit Risk from NCl Study

In this study, F344 rats were fed diets containing 0, 3000 or
6000 ppm of o-toluidine and B6C3F1 mce were fed diets containing
0, 1000 or 3000 ppmof o-toluidine. The diets were fed for 103
weeks in mce and 104 weeks in rats and all treatnents were
started at 6 weeks of age. Significant treatnent-rel ated effect
on body wei ght was observed in all rats and m ce of both sexes
and there was a significant dose-related effect on survival in
mal e and female rats. No significant effect on survival occurred
in mle or femal e m ce.

There were significant increases in tunors at various sites
in mle and female rats and in male and female mce. The
i nci dences of tunors which were considered by the NCI to provide
evi dence of carcinogenicity are shown in Table 1. The incidences
were given to account for survival effects in rats. The
conbi nation of tunors at different sites and the conbi nation of
benign and malignant tunors at a single site are consistent with
recent NTP recommendations (NTP, 1984; MConnell et al., 1986).
Vari ous nonneopl astic | esions were reported including
proliferative lesions in nmesenchymal tissue in spleen, other
viscerla organs, and the peritoneal |ining of the abdom nal
cavity and scrotumin rats, and proliferative |esions of the
transitional epitheliumof the urinary bladder and renal pelvis
in rats.

The dose of o-toluidine was adm ni stered as o-tol uidine
hydrochl ori de. There was no information given in the NC report
on the measurenent of consunption or the estimation of the dose
in this study. 1In the absence of estinmted dose, the DEP
procedure is to use the equations devel oped by Crouch (1983) to
estimate the |ifetinme average dose in a feeding study. The
cal cul at ed doses are adjusted to be expressed as dose of
o-toluidine by multiplying the cal cul ated dose by the ratio of
nmol ecul ar wei ghts of o-toluidine and o-toluidine hydrochl oride
(107.2/143.6). The lifetime average dose (LAD) derived in this
way are scaled to human equi val ent doses by surface area scaling
as follows:

surface area adjusted LAD = LAD (mg/ kg/d) x (70/bw) Y3

with bw equal to the average term nal body weight in the group of
animals. The dose cal cul ations are shown in Table 2.

The dose-response curve was estinmated by fitting the
mul ti stage nodel to the incidences in Table 1 and the surface
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area adjusted lifetine average dose in Table 2. The 95% upper
confidence limt on the linear termis taken as the estinmate of
carci nogeni c potency and the values of this paraneter (ql*) are
shown in Table 1.

The result for the nouse female |iver hepatocellul ar adenona
or carcinoma was sel ected as the best estimate of carcinogenic
potency as di scussed below. The carcinogenic potency at this
site was 2.00 x 102 (ng/kg/d)"t. Based on this value a unit risk
for lifetinme exposure to 1 ug/n? of o-toluidine is calcul ated
assunming a 70 kg person breathing 20 nt/day and 100% absor ption
of the inhaled dose. The unit risk value for air is 5.72 x 107°

(ug/ nt) 1.
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Table 1. Incidence and Potency For Dose- Response Assessnent of
o-tol ui di ne Based on NCI Study.

Tunmor | nci dence Pot ency

Site Cont Low Hi gh q*
(mg/ kg/ d) "*

Mal e rat
Spl een and ot her organs -
sar coma 0/20 15/50 37/49 2.21 x 102
Abdomi nal cavity or scrotum -
mesot hel i oma 0/20 17/50 9/49 1.48 x 1073
Fenmal e rat
Spl een and ot her organs -
sar coma 0/20 3/50 21/49 4.46 x 10°°
Bl adder - transitional cel
carci nona 0/20 9/45 22/47 1.61 x 1073

Mal e nouse
Various sites - hemangi osarcona
1/19 1/50 10/50 8.78 x 103

Various sites - hemangi oma or
hemangi osar coma 1/19 2/50 12/50 1.21 x 10°°

Femal e nouse
Li ver - adenonm or carci noma 0/ 20 4/ 49 13/ 50 2.00 x 1072
Li ver - carci nona 0/20 2/49 7/50 1.14 x 10°°
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Table 2. Dose Cal cul ation for

Dose- Response Assessnent of

o-tol uidine Using the NCI

Adm ni st ered,

Dose
ppmin diet

Mal e r at
Low dose 3000
hi gh dose 6000
Femal e rat
| ow dose 3000
hi gh dose 6000
Mal e nouse
Low Dose 1000
H gh dose 3000
Femal e nouse
Low dose 1000
H gh dose 3000

LAD as
o-t ol ui di ne

HCl

(my/ kg/ d)

139
288

191
383

109
340

115
367
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LAD as
o-tol ui di ne

(nmy/ kg/ d)

104
215

143
286

81.

254

86
274

18.
36.

22.
43.

Surf ace Area
Adj usted LAD

(nmy/ kg/ d)



Car ci nogenicity Dose-Response Assessnent for
1,1, 1-trichl oroet hane

Summary

The wei ght - of - evi dence cl assifications for
1,1, 1-trichloroethane are Inconclusive for carcinogenicity and
Suggestive for mutagenicity. The CAG classificationis Goup D -
not classifiable as to Human Carcinogenicity. The designation
for carcinogenicity is based on the I ARC review (I ARC, 1979b) in
which the only aninmal study was the NCI report (NC, 1977a) which
was i nadequate for assessnent. The nore recent gavage study
(NTP, 1987) is being drafted. This study showed sone evi dence of
tunors in female mce; the nmale mce data were considered
i nadequate for assessnent by the NTP. The rats in this study
showed no tunors but exposures may have been bel ow t he MID
There is no carcinogenicity dose-response assessnent avail able
fromany source and there is no adequate study on which to base a
dose-response assessnent known to the DEP at this tine. The CAG
assessed the avail abl e data (EPA, 1980e) and concluded that there
are no data avail able which could be used for quantitative
dose-response assessnment at that time. The NTP has perforned
anot her gavage study with 1,1, 1-trichl oroethane and the techni cal
report is being drafted (NTP, 1987). The DEP will review the
study when it is released by the NTP. There are al so chem cal
di sposition studies underway at the NTP (1987). There is no unit
ri sk val ue adopted by DEP at this tine.
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Car ci nogeni city Dose- Response Assessnent for
1,1, 2-trichl oroet hane

Summary

The wei ght - of - evi dence cl assifications for
1,1, 2-trichloroethane are G oup C Possible Human Carci nogen and
No Data (ND) for mutagenicity. The CAG cal cul ated a carci nogenic
potency value as part of the Anmbient Water Quality Criteria
Docunent series (EPA, 1980b) based on the NCI gavage study (NCI
1978e) . The car ci nogeni c potency derived by CAGis 5.7 X 1072
(ng/kg/d) The un|t risk for i nhal ati on exposure based on this
value is 1.6 x 10°° (ug/ nt) ' (EPA 1986g) . According to EPA
(1986b) and DEP policy, the carcinogenicity data for chemcals in
G oup C are evaluated on a case-by-case basis with regard to
t heir adequacy for dose-response assessnent. The NCI gavage
study is considered to be adequate for quantitative assessnent.
The EPA unit risk value is adopted by DEP for use in risk
assessnent of inhal ati on exposures.

Background and D scussi on

The wei ght of evidence designation for 1,1, 2-trichloroethane
is based on the positive response in mce in the NCI gavage
study. The designation as Goup Cis based on the | ARC
designation of the evidence as Iimted (I ARC, 1979b) and on the
appearance of tunors in a single species; the evidence is
strengt hened by the increasing tunors at two sites in mce.

_ The CAG unit risk_is based on mal e nnuse_liver tunmors. The
liver tunors are considered to be | ess than ideal for
dose-response assessnent because:

-the tunors occur in a single species

-the tunors occur at a site which has a high

spont aneous i ncidence and which is a target organ for
t he agent

-there are no supporting data fromshort-termtests

However, the liver tunors occurred with a high incidence, were
mal i gnant, and showed a dose-response at two dose-levels; the
adrenal tunors were also nalignant and were significantly

el evated. The tunor incidences and doses are shown in Table 1

Based on these considerations, the data fromthe NCI gavage
study are considered to be adequate for dose-response assessnent.
The EPA unit risk value is adopted by DEP in order to ensure
consi stency with EPA
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Tabl e 1. Tunor | ncidences and Dose Cal cul ati ons from Dose- Response
Assessnment of 1,1,2-trichloroethane Using the NCI Gavage Study.

Adm n. LAD Sur f ace | nci dence
dose ar ea
ng/ kg/ d ng/ kg/ d adj usted
dose
Mal e nobuse
Li ver 0 0 0 2/ 17
hepat ocel | ul ar 195 119 9.48 18/ 49
carci noma 390 239 18. 8 37/ 49
Adr ena
pheochr onocyt oma 0 0 0 0/ 18
195 119 9. 48 0/ 49
390 239 18.8 8/ 48
Fenml e nouse
Li ver 0 0 0 2/ 20
hepat ocel | ul ar 195 119 9. 48 16/ 48
carci noma 390 239 18. 8 40/ 45
Adr enal 0 0 0 0/ 20
pheochr onocytoma 195 119 9. 48 0/ 48
390 239 18.8 12/ 43
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Carci nogenicity Dose-Response Assessnent for Trichl oroethyl ene

Summary

The wei ght - of - evi dence cl assifications for trichloroethylene

are Group B2 for carcinogenicity and Sufficient for nutagenicity.
The CAG has cal culated a unit risk value for inhalation exposure
based on the NCI and NTP gavage studies (NCI 1976a NTP, 1982b)
The CAG reconmmended unit risk value is 1.3 x 10°° (ug/nﬂ ( EPA,
1985j). The DEP has calculated a unit rlsk which is based on the
NCl gavage study and uses the netabolismand disposition data

di scussed in the EPA docunent. The DEP unit risk value is 1.63 X
0° (ug/n) . For conparative purposes, the unit risk value was
calculated fromthe inhalation study of Bell et al. (1978) by the
CAG and the DEP, and fromthe inhalation study of et al. (1983)
by the DEP. These results are discussed. The unit risk val ue
adopted for risk assessnent of inhalation exposure is the DEP
val ue_based on the NCI gavage study which is 1.63 x 10°

(ug/ n?) "',  The details of the calculation and the reasons for
this choice of unit risk value are discussed bel ow.

Backgr ound

The wei ght - of - evi dence desi gnation for carcinogenicity is
based on the positive responses in mce in nmultiple studies using
different exposure routes as reviewed by the 1 ARC (1 ARC, 1979b,
1982c), and the positive response in the Fukuda et al. study
(Fukuda et al., 1983). The toxicology and carcinogenicity of
trichl oroethylene are reviewed in the EPA Health Assessnent
Docunment for Trichl oroethylene (EPA, 1985)). This docunent al so
reviews nuch of the pharmacokinetic, nmetabolism and disposition
data that are available for trichloroethylene. The CAG unit risk
cal cul ation incorporated animal disposition studies and human
studi es of netabolism but does not use pharnmacoki neti c nodeling.
The DEP dose-response assessnents use the ani mal netabolism data
presented in the EPA docunent. The EPA docunent reviews the
literature and concludes that the NCI and NTP gavage studies and
the Bell et al. (1978) inhal ation studies are useful for
quantitative risk assessnent. In addition to these studies, the
DEP has used the Fukuda et al. (1983) study for quantitative
dose-response assessnent. The study is not discussed in detai
in the EPA docunent. 1In addition to these studies, a study by
Maltoni et al, is cited in the EPA docunent as being recently
conpleted, but the results of this study are not available to the
DEP at this time. CAG currently has in progress an update of the
trichl oroethyl ene health assessnent which includes the Malton
i nhal ati on and gavage studies and wll| presumabl e incorporate
phar macoki netic nodelling in the dose cal culation. This docunent
shoul d be avail abl e soon. The NTP has perfornmed a gavage study
in F344 rats and B6C3F1 m ce (NTP, 1982b) which was revi ewed by
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the EPA and used in the CAG dose-response assessnent. The NTP
has al so conpleted a gavage study in four stains of rats (NTP
1986e). The 1986 study was considered to be inadequate by the
NTP due to reduced survival, toxicity, and poor docunentation of
the results and is not used in this dose-response eval uati on.

The details of the DEP unit risk calculations are presented

bel ow as well as a brief review of the CAG dose-response
assessnent .

Summary of the CAG Dose- Response Assessnent

The CAG unit risk calculation uses liver tunors fromnmale and
female mce in the NCI (1976b) and NTP (1982b) gavage studi es.
In the NTP study, B6C3F1 m ce were gavaged with 0 or 1000 ng/ kg/d
on 5 days per week for 103 weeks. The incidence of
hepat ocel | ul ar carcinoma is used in the CAG dose-response
assessnment and is 8/48 and 30/50 in male mce, and 2/48 and 13/49
in female mce in control and dosed group respectively. The dose
conversion uses the data of Prout et al. (1984) which shows that
the netabolized dose is 78% of the adm ni stered dose, and the
data of Buben and O Fl aherty (1985) which shows that the dose
used in the NTP study is on the linear part of the
dose-net abolismcurve for mce. The CAG analysis estimtes the
nmet abol i zed dose by fitting an equation of the Mchaelis Menton
formto the data of Prout et al. (1984) to describe the
rel ati onshi p between adm ni stered dose and netabol i zed dose, and
uses this curve to estimte the netabolized dose for the doses
used in the NTP study. This approach yields results that are
very simlar to the values obtained directly fromthe high-dose
groups in the Prout et al. study (80%vs. 78% netabolismof the
adm ni stered dose), which is not surprising because the data of
Prout et al, and of Buben and O Fl aherty show that the dose used
in the NTP study is on the linear part of the dose-netabolism
curve. These netabolized doses are used to calculate the
lifetime average dose which is then adjusted by the surface area
to get the human equi val ent dose. The human equi val ent dose was
47.4 and 45.6 ng/kg/d in the dosed nale and fenal e respectively.

In the NCI study nmale mce were adm nistered 0, 1169 and 2339
ng. kg.d and female mce were adm nistered 0, 869 and 1739
nmg/ kg/ d. These tine-wei ghted average doses were adm ni stered for
78 weeks starting at 5 weeks of age and aninmals were killed at 90
weeks of age. Incidences of hepatocellular carcinoma were 1/ 20,
26/ 50 and 31/48 for male mce and 0/20, 4/50 and 11/47 for female
m ce. The dose adjustnents nmade for the study were done in a
simlar manner to the approach used for the NTP study. However,
according to the data of Buben and O Fl aherty, the high doses
used for the NCI study were above the linear part of the
dose-net abol i sm curve and the CAG anal ysis states that at the
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hi gh dose | evels used, the urinary netabolites are 68% and 96%

hi gher than at the |ow dose in male and femal e mce respectively.
The CAG assessnent states that the Buben and O Fl aherty data are
i nportant because they used a chronic dosing schedul e, but these
data cannot be used to calculate total netabolized dose because
only urinary netabolites were neasured. However, the CAG

anal ysis does not use these data in the cal culation of dose. The
CAG assessnent uses the netabolized dose cal cul ated using the
equation fromthe Prout et al. (1984) study, which is then
converted to lifetine average daily dose and converted to human
equi val ent dose by surface area adjustnent. The human equi val ent
doses used are 0, 45.1 and 85.8 ng/kg/d for male mce and 0, 31.7
and 61.4 for fermale mce.

The carcinogenic potency for trichloroethylene recommended by
the CAGis the geonetric nmean value fromthe NCI and NTP nmal e and
femal e nouse data sets. The carcinogenic potency for each data
set is the 95% upper confidence limt on the linear termof the
mul ti stage nodel. For the NCl study the potency vale is adjusted
by a factor of (104/90)% = 1.54 to account for less than lifetine
exposure. The potency val ue calculated in thls way and expressed
as metabolized dose is 1.3 x 1072 (ng/kg/d) The potency val ues
for male and femal e nmuse wer e 2.1 X 10 and 6.9 x 10°% for the
NCl study and 2.2 x 10% and 9.5 x 1073 for t he NTP study
(expressed as netabolized dose (ng/kg/d)?!

In order to convert this potency to a human unit risk for

i nhal ati on exposure, the CAG uses the data of Monster et al.
(1976) in which the total netabolismwas nmeasured in four

subj ects who inhaled 70 ppmof trichloroethylene for 4 hours.
The nmedi an anmount netabolized in these subjects was 439 ny, and
assunmng a linear relationship between the anount netabolized and
the exposure tinme and concentration, the CAG cal cul ates that a
conti nuous exposure to 1 ug/n? mould result in 6.9 x 103

met abol i zed per day, or 9.9 x 10°° (ny/kg/d). Usi ng the standard
assunption that a 70 kg human i nhal es 20 of air, an exposur e
concentration of 1 uq! woul d result in a dose of 2.86 x 10™*

mg/ kg/d and 9.9 x 10° ng/kg/d woul d be 35% of the inhal ed dose.
The CAG assessnent therefore assunes that 35% of the inhaled
dose is netabolized in humans at | ow concentrations. Based on
this assunption the CAGunit risk is 1.3 x 10°® (ug/n?) !

The CAG al so calculates a unit risk based on the inhalation
study of Bell et al. (1978). The value so derived is 2.6 x 10°
(ug/ nt) "',  The CAG reconmends use of the val ue based on the
gavage study because of deficiencies in the Bell et al. study.

DEP Cal culation of Unit R sk Based on NCI Gavage Study

The NCI gavage study serves as the basis for the DEP
dose-response assessnent. The NTP gavage study is not used
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because only one dosed group of mce was used and this study is
not considered to be adequate for quantitative assessnent
dose-response assessnent for this reason. The increase in renal
tunors in male rats was al so considered to be | ess than adequate
to evaluate due to reduced survival in treated animals. The NTP
study does serve to show that the adm nistration of epoxide-free
trichl oroethylene is carcinogenic and that the presence of
epoxide stabilizers in the trichloroethylene in the NCl study
(1976b) does not account for the observed carcinogenicity. The
adm ni stered dose is shown in Colum 1 of Table 1 and is
converted to netabolized dose as follows. The |ow doses are

mul tiplied by 0.78 because the EPA di scussion of the Prout et al.
(1984) data show that 78% of the adm nistered dose is

nmet abol i zed. The hi gh dose | evels are obtained by nultiplying
the | ow dose by 1.68 and 1.96 for nale and fenale m ce
respectively. This is based on the EPA analysis of the data of
Buben and O Fl aherty, which show that the high doses used in the
NCl study are above the point where the dose netabolismcurve
deviates fromlinearity and the netabolized doses at the | ow dose
for male and female mce respectively. The netabolized doses are
shown in Colum 2. The use of the Buben and O Flaherty data in
this way assunes that the ratio of urinary to total netabolites

i s independent of dose, and that the Swi ss-Cox m ce used by Buben
and O Fl aherty are representative of B6C3F1 m ce used in the NC
study. The lifetinme average daily dose (LAD) is calculated and
shown in Columm 3 and the surface area adjusted lifetinme average
doses are in Colum 4. The values obtained in this way simlar
to the values obtained and used by CAG The only val ue that

devi ates by nore than three percent fromthe CAG value is the

hi gh- dose group for male mce (74.4 vs. 85.8 ng/kg/d). This
difference results fromthe use of the Buben and O Fl aherty data
to cal cul ate the netabolized dose in the high-dose group by DEP
The use of the Buben and O Fl aherty data is preferred because a
range of adm ni stered doses was used whi ch included doses above
those used in the NCI study, and because they used a subchronic
dosi ng regine.

The nul tistage nodel was fit to the incidence of
hepat ocel lul ar carcinoma in Colum 5 and the doses in Colum 4.
The carci nogenic potency is taken as the upper 95% confi dence
limt on the linear term This value is adjusted by a factor of
(104/90)% = 1.54 to account for the fact that the 90 week age of
the mce at termnation of this experinment was | ess than the
nom nal 104 week lifespan. The final potency values were 2.77 X
102 (ng/ kg/d) ! and 8.16 x 10°% (nmy/kg/d) ! for nmale and femal e
m ce respectively. These values are very simlar to_the val ues
obt ai ned Qy CAG for these sites (2.1x10% and 6.9x10°
(nmy/ kg/d)"~. The value for the fenmal e nouse is considered to be
the nost appropriate value and is used to calculate the unit risk
for inhalation exposure. This value was chosen over the male
mouse |iver because the fermal e nouse has a | ower spontaneous
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liver tunor incidence in B6C3F1 nice.

The DEP conversion to inhal ati on exposure assunes that the
met abol i zed dose is equal to 70% of the inhaled dose. The basis
for this assunption is discussed later. Based on this
assunption, the netabolized dose during exposure to lug/nt is
lug/ m® x 10nm® x 1/70kg x 1/1000 x 0.70 = 2.0 x 10°* ng/kg/d. The
unit risk for inhalation exposure to 1ﬂ%!n? is then 8.16 x 10°
(ng/ kg/d)™* x 2.00 x 10°* (mg/kg/d)/(ug/nt) = 1.63 x 10°° (ug/n?) L.

The resulting unit risk is very simlar to the final CAG
value. The calculation of the unit risk differs fro the CAG
calculation in two ways. A single site is used by DEP rather
than the mean of four data sets, resulting in a |arger potency
val ue being used by the CAG (by a factor of 1.6). The second
difference is that the netabolismin humans assunmed by DEP is
twce the | evel used by CAG at | ow exposure concentrations.

Unit Risk Calcul ation Bases on Fukuda et al. Inhalation Study

In this experinment, female ICR mce and female SD rats were
exposed to 0, 50, 150, or 450 ppmof trichloroethylene for 7
hours/d, 5 days/week for 104 weeks. There was a significant
el evation in lung tunors in female mce and the incidence of
tunmors was 1/49, 3/50, 8/50, and 7/46 in control, |ow, nmedium
and hi gh dose groups. There were no liver tunors reported in
this study.

In order to calculate the dose for use in dose-response
assessnent, the data of Stott et al. (1982) as reviewed by the
EPA (1985]) is used. Stott et al. exposed mce to 10 or 600 ppm
of trichloroethylene for 6 hours and then neasured the
nmetabolites. These data show that 78.5 and 3138 unol/kg is
recovered in animals exposed to 10 and 600 ppm respectively, and
the 77.9 and 3062 unol/kg was netabolized. The netabolism dose
for these exposures expressed as a ratio of netabolized dose to
ppm of exposure is 78 and 5.8 (unol/kg)/ppmfor the 10 and 600
ppm exposures. This estimtion of the body burden and
nmet abol i zed dose is likely to underestimate the actual val ues
because a significant anmount of netabolism could have occurred
during the exposure due to the rapid netabolism of

trichloroethylene. It is not possible to estimte the extent of
this error fromthe data provided, but it is likely to be
substantial. This effect would be |less at the | ower |evel of

exposure and the val ue based on the group of m ce exposed to 10
ppmis used for dose adjustnent. The netabolized dose for a six
hour exposure is then 7.8 x (exposure concentration) and is shown
in Colum 2 of Table 2. This use of the data assunes that the
nmet abol i zed dose is linearly related to the exposure
concentration throughout the range of concentrations used in the
Fukuda et al. study and that the slope of this relationship is
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equal to the slope defined by the data fromthe group exposed to
10 ppmin the Stott et al. study. The netabolized dose is
converted to a dose in ng/kg/d by nultiplying it by mv 1000 =
0.1314 and this value is nultiplied by 7/6 to account for the
difference in the time of exposure in the FUkuda study and is
shown in Colum 3 of Table 2. The lifetine average daily dose is
cal cul ated (Columm 4) and the surface area adjusted lifetine
average daily dose is cal culated assum ng a 30 g body wei ght for
femal e mce (actual body weights were not reported in the study)
and is shown in Colum 5.

The dose-response curve was estimated by fitting the
mul ti stage nodel to the incidences listed in Colum 6 and the
doses in Colum 5 of Table 2. The carcinogenic potency is the
95% upper confidence limt on the linear termand the
car ci nogeni ¢ potency for fenale nmouse, lung tunors in the Fukuda
et al. study is 1.16 x 102 (ng/kg/d) ! expressed as netabolized
dose. There is no adjustnent necessary for less than lifetine
exposure because the exposure tine was 104 weeks. The conversion
to a unit risk for inhalation exposure is done in the sane way as
for the NCI study. Based on the assunption that 70% of the
i nhal ed dose is netabolized in humans at | ow doses, the unit risk
value is 2.32 x 10°° (ug/n?)*

Using a simlar approach, the DEP cal culated a unit risk
based on the study of Bell et al. (1978) as reviewed by EPA. In
this study, male mce were exposed to 0, 100, 300 or 600 ppm of
trichl oroethylene for 6 hrs/day, 5 days/wk for 24 nonths. The
nmet abol i zed dose for the Bell et al. study are cal cul ated based
on the data fromthe Stott et al. study using the group exposed
to 10 ppm and using the factor of 7.8 unvole/kg nmetabolized per 6
hour exposure to 1 ppm as described for the Fukuda et al. study.

The dose cal cul ations are shown in Table 3. The surface area
adj usted dose is cal cul ated assum ng a body wei ght of 35g. The
dose-response curve was estimated by fitting the nultistage nodel
to the incidence of hepatocellular carcinoma listed in Colum 6
of Table 3 and the doses in Colum 5 of Table 3. The
carci nogeni c potency is taken as the 95% upper confidence |imt

on the linear termof the nultistage nodel. The potency for the
I|ver tunors |n male mce fromthe Bell et al. study is 1.49 x
2 (mgl/ kgl d) ! The unit risk for inhalation exposur e IS

calculated as described previously and is 2.98 x 10°° (ug/n?) %
Di scussi on

The DEP unit risk cal culation based on the NCI gavage study
is considered to be the nost appropriate unit risk value. The
unit risk values calculated for the inhalation studies are not
considered to be reasonable quantitative estinmates because of
uncertainty in the cal culation of netabolized dose. The
nmet abol i zed dose cal cul ation used in both studies was based on
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the data of Stott et al. (1982) in which groups of 4 mce were
exposed to 10 or 600 ppmtrichl oroethylene for 6 hours and the
met abolites were collected and neasured for 50 hours after the
exposure. These data are uncertain with regard to estimating
total netabolized dose because it does not neasure the netabolism
that occurs during the exposure. This could result in
significant underestimates of the total netabolized dose because
of the rapid netabolismof trichloroethylene. This would result
in an overestimte of the carcinogenic risk. It is noted that

t he potency estinmates based on the inhalation study are 1.4 and
1.8 times higher than the potency based on the gavage study and
these factors are | arger when conpared with the CAG unit risk

val ue. However, if the male nouse |liver were selected by DEP for
calculation of unit risk, the unit risk val ues based on the

i nhal ation study would be | ess than the val ues based on the NC
gavage study. The use of the Stott et al. (1982) data is al so
uncertain because it assunes that the netabolized dose is a

I i near function of exposure concentration over the rage of
concentrations used in the Fukuda et al. study. This is unlikely
to cause a |l arge error because the study of Buben and O Fl aherty
showed that for an equival ent dose given by gavage, only the

hi ghest dose |l evel in the Fukuda et al. study is above the point
where the dose-netabolismcurve deviates formlinearity. The EPA
al so discusses limtations in the technical adequacy of the Bel

et al. study, which Iimt the useful ness of the study for
quantitative dose-response assessnent.

The use of the carcinogenic potency based on the NCI gavage
study is preferred to the inhalation study for calculation of a
unit risk for inhalation exposure. the DEP calculation differs
fromthe CAG calculation in several respects. The CAG value is
the geonetric mean of values fromfour data sets (male and fenmal e
mouse NTP study and nmale and femal e nouse for NC study), while
the DEP value is selected fromthe two data sets in the NC
study. The female nouse is selected by the DEP as the nost
appropriate site because the spontaneous incidence of |iver
tunors is lower in female mce conpared wth male m ce (benign
and malignant tunors). As a result, the potency val ue used by
the DEP to calculate inhalation unit risk is | ess than the val ue
used by CAG by about one half. There is also a slight difference
in the dose adjustnent used by DEP because the Buben and
O Fl aherty data are used which show that the high doses in the
NCl study are in the nonlinear part of the dose netabolism curve.

The result is that the human equi val ent dose cal cul ated by the
DEP is | ower than the dose used by the CAG for the high-dose mal e
mce. There is not a significant difference between the doses
used by CAG and the DEP for female mce and | ow dose nmale m ce.

The ot her inportant difference between the CAG and the DEP
calculations is the assunption nade about the extent of
absorption and netabolismof inhaled trichloroethylene in humans.
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The CAG assessnent uses the data of Mnster et al. (1976), which
show t hat 35% of the inhaled dose is netabolized. The DEP does
not use these data because the relationship described is not
likely to hold at anmbient air |levels. The DEP assessnent
considers it nore likely that the portion of the inhal ed dose
that is netabolized varies with exposure concentration, and that
at | ow enough doses all of the absorbed chem cal wll be

nmet abolized. |If all tissues are assunmed to have sone

nmet abol i zi ng capacity, then it is reasonable to assune that there
is sone air concentration bel ow which none of the tissues are
saturated. Under this condition, the netabolismin nost tissues
woul d be flowlimted and 100% of the absorbed dose woul d be

nmet abol i zed. The bl ood concentration would then be zero in the
pul nonary artery and the absorption would be a function of the

bl ood: air partition coefficient. Anderson et al. (1981) have
presented a theoretical curve show ng that under these conditions
t he proportion of the inhaled dose that is netabolized approaches
a maxi mum of 67% at bl ood:air partition coefficient to greater
than 10. This is based on the use of alveolar ventilation of 67%
of the total ventilation and the assunption that absorption of

i nhal ed gases occurs at the alveolar |level. The DEP assessnent
assunes that the levels of trichloroethylene that are of concern
due to environnental exposure will be too |low to cause netabolic

saturation in any tissue and that the netabolized dose wll be
equal to 70% of the inhal ed dose.

There are significant differences in the approaches used by
the CAG and the DEP in the quantitative dose-response assessnment
of trichloroethylene. The effects of these differences on the
final unit risk value vary in magnitude and direction, but the
resulting unit risks for inhalation exposure calcul ated by the
CAG (1.3 x 10°° (ug/nf)"}) and by the DEP (1.63 x 10°° (ug/n’) %
are simlar. The results of the DEP unit risk cal cul ati on _based
on the inhalation studies of Bell et al. (2.98 x 10°° (ug/ n’) %
and of Fukuda et al. (2.32 x 10°° (ug/nm) %) also agree fairly
well with the gavage study and | end confidence to the unit risk
based on the gavage study.

The unit risk value calculated for trichloroethylene is based
on a gavage study. The carcinogenic potency of 8.16 x 10°°
(ng/ kg/ d) ' can be used for oral exposure. The EPA addendumto
the trichl oroethyl ene health assessnent docunent and the study by
Maltoni wll be reviewed when they are avail able to DEP
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TABLE 1. Tunor

I nci dences and Dose Cal cul ation for Dose- Response

Assessnent of Trichl oroethylene Using the NTP Gavage
St udy.

(1)

Adm ni st ered
dose

ng/ kg/ d
Mal e
control 0
low 1169
hi gh 2339
Femal e 0
| ow 869
hi gh 1739

TABLE 2. Tunor

(2) (3) (4) (5) .
Sur f ace I nci dence
area of Hepat o-
Met abol i zed LAD adj ust ed cel lul ar
dose LAD carci nona
ng/ kg/ d ng/ kg/ d ng/ kg/ d
0 0 0 1/ 20
911 654 44. 7 26/ 50
1530 947 74. 4 31/ 48
0 0 0 0/ 20
678 420 30.9 4/ 50
1329 823 60. 6 11/ 47

| nci dences and Dose Cal cul ati ons for

Dose- Response Assessnent of Trichl oroethyl ene Using the
Fukuda et al. (1983) Study.

(1)

Exposure
concentration

ppm

50
150
450

(2) (3) (4) (5) (6)
Met abol. Daily LAD Sur f ace | nci dence
dose in met abol . area adj. of lung
unol / kg dose mg/ kg/ d LAD adeno-
ng/ kg/ d ng/ kg/ d car ci noma
0 0 0 0 1/ 49
390 59.8 42. 7 3.22 3/ 50
1170 179. 4 128 9. 65 8/ 50
3510 538.1 384 29.0 71 46
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TABLE 3. Tunor Incidences and dose Cal cul ati on for Dose- Response
Assessnment of Trichloroethylene Using the Bell et al.
(1978) Study.

Exposur e Met abol .  Metabol. LAD Surface | nci dence
concentration dose dose area adj. of hepato-
LAD cel lul ar
ppm unmol / kg nmg/ kg/d ng/kg/d ng/kg/d car ci nona
0 0 0 0 0 18/ 99
100 780 102.5 73.2 5.81 28/ 95
300 2340 307.5 219. 6 17. 4 31/ 100
600 4680 615.0 439.3 34.9 43/ 97
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Car ci nogeni city Dose- Response Assessnent for
2,4,6-trichl orophenol

Summary

The wei ght - of - evi dence cl assifications for
2,4,6-trichlorophenol are G oup B2-Probabl e Human Carci nogen and
Limted evidence for nmutagenicity. The recommended CAG
carC|nogen|c potency value for 2,4,6-trichlorophenol is 1.98 x

(ng/kg/d) ( EPA, 1984c) The unit risk value for inhalation
exposure is 5.66 x 10°° (ug/nf) ', assuming a 70kg person inhaling
20 n?/d, and that the chem cal is 100% absorbed. The DEP
calculated a unit risk value for air based on the same study as
used by the CAG The DEP unit risk value for air exposure is
6.20 x 10°° (ug/m’) ', The unit risk value adopted by DEP for use
in risk assessnment of inhalation exposure is 6.20 x 10°°

(ug/ nt) "t
Backgr ound

The carci nogenicity wei ght-of-evidence classification for
2,4,6-trichl orophenol was determ ned by CAG and is based on the
positive responses in rats and mce in the NCl feeding study
(NCl, 1979b) as reviewed in I ARC (I ARC, 1979b, 1982c). There are
no studies, other than the NCI study, which are adequate for
dose-response assessnent for carcinogenicity. The CAG
dose-response assessnent (EPA, 1984c) is based on male and fenale
mouse liver tunors found in the NCI feeding study (NC, 1979b).
Thi s assessnent was published in the superfund health assessnent
docunent and was presented as a brief appendix to the docunent.
The carci nogeni c potency calculation is not presented in detai
and it is not clear whether the assessnent is consistent with
current DEP procedures, so the DEP perforned the foll ow ng
assessnent.

Calculation of Unit Risk from NCl Feedi ng Study

In this study, nmale and female F344 rats and mal e B6C3F1 m ce
were fed diets containing 0, 5000 or 10,000 ppm of
2,4,6-trichlorophenol for 105 (mce) or 106 (rat) weeks starting
at 6 weeks of age. Fenmale mce were fed diets containing O,

10, 000 or 20,000 ppmfrom6 to 44 weeks of age and 0, 2500 or
5000 ppmfrom44 till 111 weeks of age. No significant effect on
survival occurred in any of the treated groups, but there was a
statistically significant treatnent-rel ated effect on body wei ght
in mal es and fenmal es of both species.

Treatnent-rel ated i ncreases in tunor incidence were observed
in the male rat and in the male and femal e nobuse. The tunor
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i nci dences reported by the NCI are presented in Table 1. Several
nonneopl astic | esions were reported by the NCI including

peri pheral bl ood | eukocytosis and nonocytosis, bone marrow
hyperpl asia, |ow incidences of mld liver lesions in the rat, and
| ow i nci dences of |iver hyperplasia in the nouse.

The dose of 2,4,6-trichl orophenol was adm ni stered by
i ncorporation of the agent into the animal feed. No information
is given in the NCI report on the neasurenent of food consunption
or the estimate of actual doses used in this study. In the
absence of estimates of dose, the DEP procedure is to use the
equati ons devel oped by Crouch (1983) to estimate the lifetine
average daily dose in a feeding study. The lifetinme average
daily doses (LAD) calculated in this way are shown in Table 2.
The LAD for animals is scaled to an equival ent human LAD usi ng
surface area scaling as foll ows:

LAD x (70/bw) Y® = surface area adjusted LAD

with b.w equal to the nean term nal body wei ght of the group of
animals. The resulting doses are shown in Table 2.

The dose-response curve is estimated by fitting the
mul ti stage nodel to the tunor incidences in Table 1 and the
surface area adjusted LAD in Table 2. The 95% upper confi dence
limt onthe linear termis taken as the estinmate of carcinogenic
potency and this value (gi1*) is shown in Table 1

The potency value fromthe male nouse |iver tunor was
sel ected as the nost appropriate estimate of carcinogenic potency
and this value is 2.17 x 102 (nmg/kg/d)"!. There is no adjustment
necessary for less than a lifetinme exposure since the exposure
exceeded the nom nal 104 week lifetine in both species. The
potency val ue cited above is used to calculate a unit risk for
i nhal ati on exposure, assuning a 70kg person inhaling 20 m/d of
air, as foll ows:

2.17 x 1072 (mo/ kg/ d)"! x 20 m/d x 1/70kg x 1mg/ 1000my = 6.20 X
10°° (ug/ n) ™.

Di scussi on

The cal culation of the unit risk value for
2,4,6-trichlorophenol was perfornmed by DEP because the detail ed
docunent ati on of the CAG assessnent was not avail abl e.

Therefore, it was not clear whether the CAG assessnent was
consistent with the current EPA guidelines (EPA, 1986b) or DEP
procedures. The NCI feeding study is considered to be adequate
for dose-response assessnent and is used for both the CAG and DEP
assessnent. The nmale nouse |iver was sel ected because it was the
nost sensitive site in this study. The unit risk val ues
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cal cul ated by CAG and DEP are very simlar and are in fact
identical if the CAG recomendation to consider only one
significant figure is used. The DEP value is recomended in
order to assure consistency with stated procedures.

The assessnent uses no additional pharmacokinetic data to
descri be dose, route, or species specific effects on carcinogenic
potency. As such, the assessnent nmakes the foll ow ng
assunpti ons:

- direct high to | ow dose extrapolation is valid

- direct route extrapolation is valid (i.e., absorption

and carci nogenic potency are identical for different
routes of exposure)

- di rect species-to-species extrapolationis valid

The basis for the use of these assunptions is described in
detail in Appendix D. Because of the assunption of equival ence
bet ween routes of exposure, the potency val ue derived here can be
used for oral or inhalation exposure.
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Table 1. Tunor Incidences and Potency for Dose-Response

Assessnment of 2,4,6-trichlorophenol Using the NCI Feeding Study.

| nci dence Pot ency

Site contr ol | ow hi gh (ng/ kg/ d) *?
Mal e Rat
Lynphoma or | eukeni a 4/ 20 25/50 29/50 1.18 x 102
Mal e nouse
Li ver hepatocel | ul ar

carci noma 1/ 20 10/ 49 7/49 3.04 x 103
Li ver hepatocel |l ul ar

adenonma or carci noma 4/20 32/ 49 39/ 47 2.17 x 1072
Femal e nouse
Li ver hepatocel | ul ar

car ci noma 1/ 20 12/50 24/48 6.87 x 1073
Li ver hepatocel | ul ar

adenonma or carci noma 1/20 10/ 50 24/ 48 6.87 x 10°

Table 2. Dose Cal cul ati on for Dose-Response Assessnment of
2,4,6-trichlorophenol Using the NCI Feedi ng Study.
Adm ni stered LAD Surface Area

Dose mg/ kg/ d Adj usted LAD
(mgy/ kg/ d)
Rat
Mal e | ow 5, 000 248 44.
hi gh 10, 000 513 87
Femal e | ow 5, 000 332 52.
hi gh 10, 000 691 103
Mbuse
Mal e | ow 5, 000 567 48.
hi gh 10, 000 1182 96
Femal e | ow 10, 000/ 2, 500 672 55.
hi gh 20, 000/ 5, 000 1344 105.
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Car ci nogenicity Dose-Response Assessnent for Vinyl Chloride

Summary

The wei ght - of - evi dence cl assifications for vinyl chloride
are Goup A-Human Carci nogen and Substantial evidence for
nmut agenicity. The designation for carcinogenicity is based on
posi tive evidence in humans and in several species of aninmals as
reviewed by | ARC (1979a). The | ARC concluded that there is
sufficient human evi dence of carC|nogen|C|ty The recommended
CAG unit risk value is 2.6 x 10°° (ug/nf) . ~ The docunentation of
this value has not yet been obtained by the DEP and the val ue was
obtained in a phone conversation with Charles R s of the CAG
(7-24-86). This value also appears on a draft list of unit risk
val ues dated 7-85. This value differs fromthe earlier published
value of 7.15 x 10°° (ug/nt)"!, which is docunented in the
superfund health assessnent (EPA, 1984i). The recommended unit
ri sk val ue adopted by DEP for risk assessnent of i nhal ati on
exposure is the current CAG value of 2.6 x 10°° (ug/m)" L. A
substantially different value has been derived using ani nal
studies of orally adm nistered vinyl chloride and the unit risk
for inhal ation exposure should not be used for other routes.

E-121



Car ci nogenicity Dose- Response Assessnent for Vinylidene Chloride

Summary

The wei ght - of - evi dence cl assifications for vinylidene
chloride are G oup C Possible Human Carci nogen and Suggestive
evi dence for nutagenicity. This weight-of-evidence designation
was obtai ned by the EPA (EPA, 1985g). The recommended CAG unit
ri sk value for inhalation exposure is 5.0 x 10°° (ug/nt) .  The
t oxi col ogy and carcinogenicity data are reviewed in the EPA
Heal t h Assessnent Docunent for Vinylidene Chloride (EPA, 1985Q)
and the calculation of the unit risk value is described in detai
in that docunent. The unit risk value is based on an inhal ation
study using mce. The unit risk value adopted by DEP for use in
ri sk assessnent of inhalation exposure is the CAG value of 5.0 x
10°° (ug/ m) .
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APPENDI X F

GUI DELI NES FOR REPRCDUCTI VE STUDI ES FOR SAFETY EVALUATI ON OF
DRUGS FOR

HUVMAN USE
U S. FOOD AND DRUG ADM NI STRATI ON
1972

1. Teratol ogical Study Protocol

Treatment Period - cover period of organ formation
Untreated Ml es

Fet uses delivered by cesarean section 1-2d prior to
parturition

Determ ne: Nunber fetuses
Pl acenent in uterine horn
Correl ation of fetuses with corpus
Number of |ive and dead fetuses
Nunber of early and | ate resorptions
Fetal wei ght
Ext ernal anonalies
I nternal anonal i es:
- one-third for dissection or
W son slicing nethod for
vi sceral anonalies
- two-thirds for clearing and bone

staining with alizarin

2. Fertility and Reproductive Performance

Study both mal es and fenal es
F-1



Mal e Fertility

Rats - m ni num age of 40 days before chem ca
exposur e

Treat ment 60-80 days before mating
Mated with treated femal es and/ or
untreated fenual es
At least 10 nales mated with 20 fenal es
Fenmal e Fertility
Adul t/sexual |y mature aninal s

Est abli sh estrous cycles by daily vagi nal
smears

Drug adm nistration 14 days before mating
Copul ati on established: wvaginal inspection
when evi dence of copul atory plug
consider this day zero of pregnancy
Dai |y dosing

Sacrifice one-half femal es on day 13 of pregnancy and
exam ne dans for

a) Nunber and distribution of enbryos
b) Presence of enpty inplantation sites
c) Enbryos undergoi ng resorption
d) Abnormalities in uterus

Renmai ni ng danms conti nue on drug and all ow

a) Exam ne duration of gestation

b) Examine litters - size, stillborn, live born,
and gross anonalies, pup weight on days 1,
4, and 21

c) Exam ne skel etal anonalies on dead pups

d) Determ ne cause of adverse effects observed

e) Determ ne whet her reproductive performance of
of fspring shoul d be studi ed.

F-2



3. Perinatal and Postnatal Study

Drug Adm nistration - (Dam During final one-third of
gestation and weani ng

(bserve | abor and delivery
Dyst oci a
Pr ol onged Labor
Del ayed Labor

Cal cul ate duration gestation
Qbserve litter size
pup wei ght
nunber of stillborn
nunber of live born
gross anonal i es
exam ne skel etal observation on dead pups
pup wei ght on days 1, 4, and 21
Conti nued treatnent through nursing period

- (bserve effect on : lactation, nursing, instinct,
toxic effects of newborn

- Examne litters between control + high dose dans to
el uci dat e poor survival.

4. Specific Considerations

Drug Route

Several Routes May be Enpl oyed

Oral:  stomach tube, capsule preferable to diet
Dose

At | east two dosage |evels

Hi gh and | ower dose shoul d be subtoxic (no
anorexi a, sedation or other exaggerated
phar macol ogi cal effects)

Control essenti al

| f dose is enbryocidal, study |ower dose since
nonenbryot oxi c | evel may produce anomalies

F-3



Speci es
No specific recomendati ons
Chick enbryo - ancillary data
Nunber Ani mal s
At | east 20 femal es (rodents)

At | east 10 femal es (rabbits)

F-4
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ANEUPLO D

APPENDI X G Mut ageni city d ossary
(Reproduced from NRC, 1983)

An organismor cell whose somatic nuclei do not
contain an exact multiple of the haploid nunber of
chronosones, one or nore chronbsones bei ng
represented nore (or fewer) times than the rest.

BASE- PAI R SUBSTI TUTION A point rnutation in which one base pair

CHROVATI D

CHROMOSQOMVE

CHROMOSQOVAL

in DNA is replaced by another, such as
adeni ne:thym ne guani ne: cytosi ne or adeni ne:thym ne
t hym ne: adeni ne.

One of the identical |ongitudinal halves of a
chronosone, sharing a common centromere with a sister
chromati d; produced by the replication of a
chronmosone during interphase.

A nucl eoprotein structure, generally nore of |ess
rodli ke during nucl ear division; a physical structure
t hat bears genes; each species has a characteristic
nunber of chronosones.

MUTATI ON A nut ati onal change that simnultaneously
affects many genes, in that it involves segnents of
chronosones, rather than a single genetic |ocus.

(See al so GENE MUTATI ONS, PO NT MJUTATI ON, and GENOM C
MUTATI ON)

CROSSI NG OVER A process whereby genes are exchanged by breakage

DAVAGE

DELETI ON

Dl PLO D

and rejoining of honol ogous chromati ds; crossing-over
typically is reciprocal and occurs as a regular part

of neiosis; it also occurs, but at a | ower frequency,
in mtosis. (See also M TOTI C CROSSI NG OVER) .

In the context of this report, the amount of
nmut ati onal change produced in germcells. (See also
| MPACT) .

The | oss of a part of a chronobsone, often involving
several genes, sonetines only a portion of one gene.

An organismor cell having two conplete sets of
chronosones, with each set typically of a different
parental origin; the chronbsone nunber tw ce that
typically present in ganetes. (See also HAPLO D and
POLYPLO D)

DNA CROSS- LI NKS Chem cal |inkages between the two strands of

DNA, for instance by bifunctional adducts.



DNA DAMVAGE

DOM NANT

DOSE

DUPLI CATI ON

EUKARYQOTI C

Any nodification of DNA that alters its coding
properties or its normal function in replication or
transcri ption.

Pertaining to the nenber of a pair of alleles that
expresses itself in heterozygotes to the exclusion of
the other nenber of the pair; the trait produced by a
dom nant allele. (See also RECESSI VE)

Anmount of material reaching the target, such as the
nunber of adducts per nucl eotide. Used | oosely as
equi val ent to "exposure".

A chronosonal aberration in which a segnent of the
chronosone i s repeated

Pertaining to cells or organisns that have
menbr ane- bound, structurally discrete cell nuclei and
cell organelles; the cell type of animals, plants,
and all other cellular organi sns except bacteria and
bl ue-green al gae. (See al so PROKARYOTI C)

EXCl SI ON REPAIR The enzymatic renoval from DNA of

EXPOSURE

FI DELI TY

a pol ynucl eoti de segnment that includes DNA damage
(such as single-strand breaks and damaged bases)
foll owed by resynthesis and rejoining of the DNA

Anmount of material ingested, inhaled, or otherw se
received by an organism (See al so DOSE)

The bi ochem cal concept that describes the accuracy
of the enzymatic copying of DNA or RNA

FORWARD MUTATION Miutation at any site in a nonmutant gene giving

rise to a nutant allele of that gene.

FRAMVESH FT MUTATI ON A gene nutation that occurs by the addition

GAMETE

or deletion of one or a few base pairs and causes
a shift in the reading frame of the genetic code,
thereby altering the nessage encoded by all DNA base
pairs that are read after the point of the nutation.

A mature germcell (i.e., a spermor an egg)
possessi ng a hapl oid chronbsone set and capabl e of
initiating formati on of a new organi smby fusion with
anot her ganete.

GENE CONVERSI ON  An unequal exchange of genetic markers during

reconbination that results in limted honbzygosity in
chronmosomal regions that were previously
heteroallelic. (See also M TOTlI C GENE CONVERSI ON)



GENE MUTATION Mutation due to a nol ecul ar change in a gene, as
opposed to a |large chronosonmal mutation; includes
poi nt rmutations and intragenic deletions, (see also
GENOM C MUTATI ON)

GENOMVE A conpl ete set of chronobsones or of chronosomnal
genes.

GENOM C MUTATION A change in the nunber of chronpbsones in the
genone that does not alter the structure or
arrangenent of genes in the chronosones. (See also
ANEUPLO DY, POLYPLO DY, CHROMOSOVAL MUTATI ON, GENE
MUTATI ON, and PO NT MJTATI ON)

GENOTOXI CI TY The capacity to cause an adverse effect on a
genetic system including nmutagenesis and ot her
i ndi cators of genetic damage.

GENOTYPE The genetic constitution of a organism the specific
genes possessed by an organism (See al so PHENOTYPE)

HAPLO D An organismor cell having a single conplete set of
chronosones; the chronosone nunber of typical
ganetes; nonoploid. (See also DIPLOD and POLYPLA D)

HERI TABI LI TY A concept that quantifies the proportional
contributions of genotype and environnment to sone
trait; broadly, the proportion of the phenotypic
variance in a population that is attributable to
genetic differences anong individuals in the
popul ation; narrowy, the proportion of the
phenot ypi ¢ vari ance proportion of phenotypic
deviation fromthe popul ation nean than is
transmtted to the next generation).

HERI TABLE TRANSLOCATI ON A stabl e rearrangenment of the position
of chronmpbsomal segnents that | eads to successfu
chronosomal replication

HETERQZYGOTE An organi sm whose chronosones bear unlike alleles
of a given gene; heterozygotes produce ganetes of
nore than one kind with respect to a particul ar
| ocus. (See al so HOMOZYGOTE)

HGPRT Hypozant hi ne- guani ne phosphori bosyl transferase (al so
cal l ed HGPRT); an enzyne involved in the utilization
of the purine bases hypozant hi ne and guani ne in
mammal i an cells (there are related enzynes in
submanmal i an species); nutants that | ack HGPRT
resistent to the toxic effects of the guanine
anal ogues 8-azaguani ne and 6-t hi oguani ne, whi ch can
t herefore be used to select HGPRT nutants and form



HOMOZYGOTE

| MPACT

the basis of several nutation-detection systens.

An or gani sm whose chronosones bear identical alleles
of a given allelic pair or series; honozygotes
produce ganetes of only one kind with respect to the
given locus. (See al so HETEROQZYGOTE)

Medi cal and social effects on future generations of
genetic damage in the current generation. (See also
DAMAGE)

| NSERTI ON SEQUENCE One of several short (e.g., ISLin E. coli is

| NVERSI ON

LOCUS

MVEI OSI S

VENDELI AN

about 800 base pairs |long) segnents of DNA that are
able to insert into a variety of places in a
chronosone; best characterized in bacteria, insertion
sequences are involved in several types of genetic
instability. (See al so TRANSPOSON)

Reversal of the order of a segnment of DNA in a given
chr onosone.

The position that a particular gene occupies in a
chr onosone.

The process by which a eukaryotic cell nucleus (in
whi ch the DNA has been replicated only once)
undergoes two coordi nated divisions that yield four
cells, each having ploidy half that of the original
cell; in higher animals, neiosis provides for the
production of haploid sperns or eggs fromdiploid
sper mat ocytes or oocytes. (See also MTQOSIS)

Pertaining to the principles of dom nance,
segregation of alleles, and i ndependent assortnment of
alleles, as initially discovered by G egor Mndel

METABOLI C ACTI VATI ON  The net abolic conversion of a pronutagen

VETAPHASE

into a nutagen--an aspect of toxification, the
possibility that a chem cal may undergo toxification
in vivo procides the rationale for using S-9 m xtures
or other metabolic activation systens with many in
vitro genetic-toxicity tests.

The stage of nuclear division in which the
chronmosones are highly condensed and in the
equatorial plane of the spindle before centronere
separation; the stage of mtosis at which chronosomnal
nor phol ogy is optimal for cytogenetic anal ysis.

M CRONUCLEUS A nucl eus, separate fromand additional to the main

nucl eus of a cell, produced during tel ophase of
mtosis or neiosis by |agging chronobsones or



chronmosomal structural changes; the smaller of the
two nuclei that occur in the cells of ciliate
pr ot ozoans.

M TOSI S The process by which the nucl eus of a eukaryotic cel
(in which the DNA has been replicated) divides,
provi ding for the exact division of the cell to
produce two daughter cells of the sane policy as the
original cell. (See also MElGSIS)

M TOTI C CROSSI NG OVER Sommati c crossi ng-over; crossing-over
during mtosis of somatic cells or other cells (e.qg.,
yeasts) with a ploidy higher than haploid, leading to
t he segregation of heterozygous all el es.

M TOTI C GENE CONVERSI ON Nonr eci procal reconbination occurring in
mtosis.

M TOTI C RECOVBI NATION M totic crossing-over and mtotic gene
conver si on.

MUTAGEN An agent that causes nutation.

MUTANT An organi smthat possesses an alteration in its DNA
that makes its genetic function or structure
different fromthat of a corresponding wld-type
or gani sm

MUTATI ON LOAD The decrease in fitness of the average genotype
due to the accurul ati on of deleterious nutation.

NONDI SJUNCTI ON The failure of honol ogous chronbsones to separate
at anaphase | of neiosis; the failure of chromatids
to separate at anaphase of mtosis or at anaphase |
of nmei osi s.

NUCLEOTI DE The nononeric unit of polynucl eotide polynmers known
as nucleic acids; consists of three conponents--a
ri bose or a 2-deoxyribose sugar, a pyrimdine or
purine base, and a phosphate group--each of which
exi sts as a phosphate ester of the N-glycoside of the
ni t rogenous base.

PENETRANCE The frequency with which a gene or gene conbi nation
mani fests itself in the phenotype of the carriers;
penetrance depends on genotype and environnent.

PHENOCOPYA phenotypic variation due to environnmental influences
that m mcs the expression of a genotype other than
its own.

PHENOTYPE The detectabl e expression of the interaction of



genotype and environment; the characteristics of an
organism (See al so GENOTYPE)

PHENOTYPI C EXPRESSION TIME The tinme required for the

PLA DY

mani f estation (expression) of a new nutation,
presumably including the tine required for the
fixation of a prenutational lesion in DNA as a

nmut ation and for the dilution of the wild-type gene
product in the cell.

Refers to the nunber os sets of chronobsonmes in a cel
or organism-1 set in nonoploids (haploids), 2 in
diploids, 3 in triploids, 4 in tetraploids, etc.

PO NT MJUTATION A nutation affecting only one or a few DNA base

PCLYPLO D

PROKARYOTI C

PROMOTER

PROMUTAGEN

RECESSI VE

pairs in a gene. See al so CHROMOSOVAL MJTATI ON, GENE
MUTATI ON, and GENOM C MJTATI ON)

An organismor cell having nore than two conplete
sets of chronosones, e.g., triploid, tetraploid.
(See al so DI PLO D and HAPLA D)

Pertaining to cells or organisns (i.e., bacteria and
bl ue-green al gae) that do not have nenbrane-bound
cell muclei and cell organelles. (See also
EUKARYOTI C)

I n carcinogenesis: A chemcal that increases the
carcinogenic activity of other agents that initiate
carcinogenesis. |In genetics: A region of DNA that
is the initial binding site for the enzyne (RNA

pol ynmerase) that will transcribe a gene into RNA

A chemcal that is not nutagenic itself, but can be
nmet abolically converted into a nutagen.

Pertaining to the nenber of a pair of genes that
fails to express itself in heterozygotes in the
presence of its domnant allele; pertaining to the
trait produced by a recessive gene; recessive genes
ordinarily express thenselves only in the honbzygous
state. (See al so DOM NANT)

RECI PROCAL TRANSLOCATI ON An exchange of segnents between two

non- honol ogous chr onosones.

RECOMBI NATI ON  Formati on of a new associ ati on of genes (or DNA

sequences) of different parental origins;

reconbi nation in eukaryotes typically occurs by the
i ndependent assortnent of genes on different
chronosones in neiosis and by crossing-over or genes
on different chronmosones in neiosis and by



REPLI CATI ON

Crossi ng-over or gene conversion; in nodern

usage, "reconbi nation" is sonetines restricted to
situations in which new |linkage rel ati onships are
established in chronosones (i.e., to crossing-over
and gene conversion), rather than including

i ndependent assortnent; in reconbi nant - DNA

technol ogy, different isolated DNA sequences are
joined in the | aboratory under experinental
conditions. (See also M TOTI C RECOVBI NATI ON)

The formation of replicas froma nodel or tenplate;
applies to the synthesis of new DNA from preexisting
DNA; the process by which genes (hereditary naterial;
DNA) duplicate thensel ves.

REVERSE MUTATION Miutation that restores the wild-type phenotype

SENSI TI VI TY

or gene function in a nmutant; may occur either by
restoration of the original DNA sequence (back
mut ati on) or by indirect conpensation for the
original mutation (suppression).

A netabolic activation m xture that is used with many
vitro genetic-toxicity tests to provide for the
conversion of pronmutagens into nutagens; the
enzymatic activities of an S-9 m xture are those of a
post-m tochondrial supernatant (i.e., mcrosomal and
cytosolic enzynes) derived froma nmamalian |iver
honbgenat e; the expression "S-9" originally referred
to supernatant fromcentrifugation at 9,000 rpm

The proportion of human nmutagens that are positive
in the systembeing evaluated. 1In this report,
because there is no way to neasure human nut agenesi s,
"sensitivity" neans the capacity of the test to
detect small increases in the nutation rate.

SEX CHROMOSOVE One of a pair of chronpbsones that are

SEX- LI NKED

nor phol ogically dissimlar in one of the two sexes
and that are involved in the determ nation of sex; in
mammal s, the sex chronosones are designated the X and
Y chronpsones, and fenal es have two X chronpsones and
mal es have one X and one Y chronpsone.

Pertaining to a genetic trait that exhibits a pattern
of inheritance indicating that it is determ ned by a
sex chronosone, particularly the X chronosone;
pertaining to a gene that is on the X chronosone.

SI STER CHROVATI D EXCHANGE The exchange of segments between the

two chromati ds of chronbsone.

SOVATI C CELL One of the two cell types (the other being a germ



cell) of a nmulticellular diploid organism it
contains a diploid nunber of chronosonmes and is
involved in all functions of the organi sm except
fertilization.

THYM DI NE KINASE (TK) An enzyne involved in the utilization of
the nucl eoside tym dine (which ultimtely becones
part of the structure of DNA); catal yzes the
phosphoryl ati on of thymdine to thym dine
nonophosphate; nutants that |ack TK are resistant to
the toxic effects of several thym di ne anal ogues,

i ncl udi ng bronodeoxyuridine and trifluorothym dine;
sel ection of these drug-resistant nutants provides
the basis of several nutation-detection systens, nost
notably in mammalian cells.

TOXI CANT Any substance that, through its chem cal action
causes adverse effects in living organisns.

TOXI FI CATION The netabolic conversion of a substance into
anot her substance that has greater toxicity;
sonetimes occurs as a consequence of processes that
are usually associated with detoxification. (See
al so METABOLI C ACTI VATI ON)

TRANSI TI ON MUTATI ON A base-pair substitution nmutation in which
the purine:pyrimdine base-pair orientation is
preserved, as in adenin;thym ne guanine:cytosine.

TRANSLOCATI ON The shift of a portion of a chronbsonme to anot her
part of the same chronobsone or to a different
chronmosone. (See al so RECI PROCAL TRANSLOCATI ON)

UNSCHEDULED DNA SYNTHESI S (UDS) DNA synthesis that occurs at a
stage in the cell cycle other than S; incorporation
of precursors (e.g., tritiated thymdine into DNA in
t he absence of sem conservative replication; a
mani f estation of genetic repair, whose occurrence has
been used as an indicator of induced DNA damage.

VALI DATI ON The process by which the consistency of a particul ar
test is determ ned; the concordance of results of a
test in question and previously established tests for
a representative sanple of chemcals is eval uated.

XENOBI OTIC Pertaining to a substance that is foreign to the
normal constitution of an organi sm

Source: National Research Council (NRC).1983. ldentifying
And Estimating the Cenetic Inpact of Chem cal



Mut agens. Washi ngton, D.C. National Acadeny of Sci ence
Press. Selected entries from d ossary pp. 237-251.
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Chemical Structure Category System

Introductions

The purpose of grouping food additives into chemical structure classes is
to estimate the potential texicity of the additives on the basis of their
chemical structures. The structure classes will subsequently be used for
assignment to Levels of Concern. Additives will be assigned to ome of
three structural classes (A, B, C) based on their structural similarities
to known toxicants. This assigoment initizlly involves determining the
chemical structures of the additives' functional groups and comparing
these structures with substances of knmown toxicity.

Determination of Additive SCructures:

The determinaticn of the chemical structures categrer- of an addicive
should include, where possible, identification of - chemical structure
of the additive and any information about known metabolites; predicced
merabolites; components of mixtures, such as, fatty acid mixes,
components of plant extracts, etc.; and contaminants. For contaminanis
or secondary components, the gquantity in which they are present ot
predicted should be indicated. Summaries of Chis informacion should
contain structures, literature references for known metabolites or
contaminants, justificarions for predictiom of metabolism or
contamination, and references for contaminant or secondary component
content.
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Structure Category Assignment Frocedures

The structure category assignments are formulated using a qualitative
decision rtree. After the functional groups of the additive are
identified, the decision tree outlined later in this appendix is uged to
assign the additive to a structure class. Additives with functiecnal
groups of high probable toxicity are assigned to category C. Additives
of intermediate or unknown probzble toxicity are assigned to category B.
Additives of low probable toxicity are assigned to category A. With
application of the decision tree below, category assignment will be
arrived at in a uniform maauner, For example, a simple saturated
hydrocarbon aleohol like pentanol would be recorded as A, 2, The table
and decision tree will enable wmost assigonments to be made; however, there
may be cases where the structure is so complex that the decision tree
cannot be used. Under these circumstances, structuxe category assignment
can better be made by a structure verificatiom group which may draw upon
the complementary exipertise of several individuals, If it is known that
the functional group of an additive is more or less toxic than the
decision tree suggests, then the compound should be assigned to a
different category. If a reassignment is made, the change must be
justified with referenced literafure SUppOrE.

Structure Category 4ssignment Verificatiom:

To insure consistency, all structure category assignments will be
reviewed by an internal committee on structure-activity relationships.
The committee will review only the Structure Category Summary Sheet;
therefore, it is essenrial that all pertinent information and questions
concerming the structure assignment of the additive be included on this
sheet, Any alterations in category assigoment reccommended by the
verification committee will be discussed with the toXxicologist and CSO
originally suggesting the structure category change.

Calculation of Adjusted Poundage:

For the purpose of priority ranking, the actual poundage disappearing
into the food supply of a food additive may be normalized in order to
make a direct comparison of structure type A, B and C materials. This is
accomplished by increasing the poundage of a C class additive by a factor
of 2 and decreasing rhe poundage of an A class additive by a factor of
0.5. For mixtures, the percentage of A, B or O components may be
adjusted in a similar maoner and them summed ta give the total adjusted
poundage, This adjusted poundage is only a relative figure and will be
used only for priority ranking purposes. :
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Structure Category Assigznment

Decision Tree for Food Additive Structure Category Assignment

Tables 4, B, and C follow

l.

Are 20X (by weight or volume) of the components identifiable for the
additive substance(s)?

If No, then assign additive to Structure Category C.

If Yes, then continue.

1f quantification of secondary components or contaminants for an
additive 1s not available, are any of these functional groups

contained in Table C7

If Yes, then assign additive to Struccture Group C and calculate the
adjusred poundage on this basis.

Does LOZ (by weight or volume) or more of the total additive mixture,
components, and contaminants contain functional groups listed in
Table C? For example, an additive is a mixture of 3 components x, v,
& z; 904 is x and it is an A structure, component y is 3% of the
total mix and 1t i1s a C structure, and z is a C structured
concaminant accounting for 74 of the total mix. Therefore 104 of the
total mix is C sCructures and thus the additive is given a C
assignment; however, the adjusted poundage should be calculated on
the basis of the percentages of C or A material presenc.

If Yes, then assign.additive to Structure Group C.
If No, then continue,

Are any functiomal groups of known or predicted metabolites of the
addicive contained ia Table C?

If Yes, then assign additive to Structure Group C.
If No, then continue.

Does 10% or more of the additive mixture (compoments or coataminants)
contain functional groups not listed in Table A?

If Yes, then assign additive to Structure Group B.

If No, cthen continue.



6.

Are any functionzl greoups of known or predicted metabolites of
additive not contained in Table A?

If Yes, then assipn additive te Structure Greoup B.
If No, then assign additive to Structure Group A.
Is there any evidence of bioaccumulation?

If Yes, then please describe.

the



Structure Category Assignment

‘Sub-structure Tables

TABLE A
Simple aliphatic, non-cyclic hydrocarbons.

These compounds should have NO unsaturation, i,e. no aromaticity, ne
double or triple bonds.

Example: HaC CH3
\ I
CH—CHg—CHg'C-Cﬂs
~ l
H3C CH3

Mono-cyclic hydrocarbons (alicyclic) up to a total carbon number of
Cgﬂ- These compounds should have NO unsaturation.

Example:

Fats, fatty acids or their inorganic salts of alkali metals (Na, K)
and alkaline-earth metals (Ca, Mg). Both saturated and unsaturated,
non-conjugated compounds.
Carbon length of Cy to C30.

Example: CH3 (CHp)1oCOOH

CH3(CHp) 1 1COOH

Simple aliphatic, non-cyclic (saturated) mone-functional aleohols,
ketones, aldehydes, acids, esters, ethers, mercaptans, and disulfides

of carbon number greater than or equal to Cj; and less than C30,

These compounds should contain only one functional group and NO
unsaturation of the carbon chain.

Example: CHp-CH3

SH
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5. Mono=cyclic hydreocarbons with mono-functional alecchol, ketone,
aldehyde, acid, escer, mercapran, or disulfide subscitution or carbom

number greater than 6 and less than 20.

Example: N

SH
6. Normal human biochemical constituents of carbohydrate and lipid
metfebelism exeluding perhydrophenanthrenes, terpenes, and

elecosadiencates (arachidonic acid percursers and metabolites).

7. Endogenous inorganic salts of alkali metals (NWa, K) 'and earth
zlkaline—metals (Mg,Ca)

8. Conjugaticn reacticn products of Table A4 substances.
9. Supars, Pelysaccharides, and their metabolites.

Compounds receiving Structure Category A assignments should be
metabolized only to compounds also listed on Table A.
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TAELE B

Compounds with functional groups not listed in Table A and Table C.
Example: Methanol, Methylesters, Formates, quaternary amines.

Non—conjugated olefins, excluding unsaturated fatty acids and fats.

Example:
c=C
I
A, C-C=C-C =B
B. C—C=C4$dp #B but = C
0
C. H-C=CHC #B but = ¢
0
5, Hddutng .

Any multiple fumctional group containing structure without features
listed in Table C.

Incrganic salts of Fe, Cu, Mn, Zn, and Sn,.

Amino acids, unless containing other functional groups listed in
Table C.

.Benzoic Acid and esters, unless substituted with functional groups

listed in Table C.

Polypeptides and Proteins.

Any compound or mixture of undetermined compositiocn, so long as none
of the identified portions contain a Table C entry. At least 90% of

any mixture (by weight or volume) should be identified, or else a B
is assigned.
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TABLE C

BR=Cor K

1. Structure not covered by Table C but of high probable toxicity.
2. The structure contains: an organic halogen (C-X), not salts.
X=F, Cl, Br, or I
Example; CH3I = C; CHI salts =C
3. Three-membered heterocyclic ring system.
Example:
Epoxides -C-C-
\/
0
ariridines -C-C-
hij

4. CL,FE— unsturated lactones

Exzmplet R o

(o]

/
N

f_,,n
o

5. &4-membered lactone

JaN -0

el
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(@, [{) unsaturated carbonyl function groups (aldehydes, ketones,

5.
carbdxylic acids, esters), excluding benzolc acid or benzoic ester
derivatives.
7. Conjugated alkenes/double bonds and aromatic groups, excluding
benzoic acid or benzeic ester derivatives,
Example:
C-C=C~C=C
9, 1,4-Dioxane nucleus (six membered cyclic diether)
1]
0

10. Amides and Imines
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11. Amines: including primary, secondary and tertiary amines, aromatic
amines and heteroaromatic amines, excluding amino acids.

Example: CHz=KH3
CH=
"

WH
s

CHxy

CH4

C"hh
H3—N
~

CHy

but not RN+ Quaternary amines

KH3

12. Witre groups
R —HN0q
13, M-nitroso groups and C-nitrosc groups
R=-N=-NO
14, MWitrilo groups
B-CR
15. Diaze=groups and Az0-groups
R~N=N RE-N=H-E
lé. Azoxy groups

—‘H:H‘

;
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17.

la‘

19.

20.

21.

22,

23.

24.

Azide groups
R-N=N=N
Hydrazine groups
R=N-N-R
H
Garbamates, thiocarbamides or dithio derivatives
E-¥H-C-0-R R~-NH=-C-S-R
! !
Urea groups
RoN-C~-tR2
Guanldine groups
R-HN-C-NH-R
WH

Anthraguinone groups

Purine groups

Pyrimidine groups

X —-
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25. Pyrrole groups

26. Pyrazole groups

27. Carbazole groups

28. Indole groups
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29, Imidazole groups

30. Pyrrelidine groupe

{
H

32. Benzylic alcohols, acids, aldehydes and esters

@«‘Eﬁ—oﬁ

33, "galfrole=like' structures

B is Hor C

A0 2

Rz is C or C=C
34. Polynuclear aromatics (fused)

= Table C-34 { Table C-34, but = Table C-7
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35. Furan groups

()

36. Thiazole groups

37. Oxazole groups
3

38. Other heterocyclic functional groups.

40, Isocyanate groups

R-N=C-0

41. Isothiccyanate groups

R-HN=C=5

H-14



42,

44,

45,

46,

47,

48.

ﬁgl

50.

51.

22.

Thiocamide groups

R-C~NH R

d

Thicurea groups
Ra R3
R-N-C-N-R
&
Thicether groups
R-5~R
Sulfamate groups
R-NH=S03 .
Organic Sulfate groups
R~-C-0-502-0-R
Organic sulfonates
R-C-8509-0-R
Phosphoramide groups

RN

RN

\ I/

RN
Phosphoric ester groups

RO
™
RO — B =0

~
RO

Inorganic Salts not covered by Tzble A or B

Oxgano-metallics other than those menticuned in Table A or B



Structure Category Summary Sheet

Substance Name:

(Main Term)

Additive (or mixture components) Structure(s):

Metabolites:

References:

Contaminankts:

Re ferences
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Example 3tructure Category Summary Sheet

Substance Name:

(page 2)

Quantitative Estimates;

Additive = 100Z

Parent Additive Substance
Components

Contaminants

References;

Structure Category Assignment:

Comments:

Primary Reviewer

Secondary Revliewer

Verification

H-17
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date
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APPENDI X |
PRESENTATI ON!

DR. KENNETH CRUMP: HOW TO UTI LI ZE | NCl DENCE AND/ OR SEVERI TY-
OF- EFFECT DATA I N SETTI NG ALLOMBLE EXPOSURES

Subi ssues

1. How to account for severity of effects (acute lethality,
cancer, weight |oss, changes in blood pressure or plasm
enzyne levels, etc.).

2. Howto utilize different types of data including: incidence
data (nunber of animals dead or with tunors, etc.);
"continuous" data (average levels with standard errors,
etc.); limted or graded data (severe, noderate or no liver
necrosis, etc.).

Possi bl e Options

1. (Used previously to set water quality criteria.) |If
carci nogen, extrapolate using linearized nultistage nodel.
If not, use the safety factor approach (apply a safety factor
to a NOEL, NOAEL OR LOAEL).

Pro: Mninmal data requirenents.
Has been tested and is famliar to nost.
Rel atively sinple to apply.

Con: Safety factor approach doesn't fully utilize shape of
dose-response curve.

Wth safety factor approach, smaller studies tend to yield
hi gher al | owabl e exposures, which is ill ogical.
Choice for safety factors is largely judgnental

| nconsi stences may arise fromapplying different nmethods to
cancer and non-cancer dat a.
2. Extrapolate both incidence and continuous data to | ow doses
usi ng mat hemati cal nodels. Continuous data coul d be
-1



extrapol ated to a dose corresponding to a certain percent

change in normal levels or a certain fraction of the standard

deviation within a normal popul ation. Extrapolation to

different |levels could account for differing severity of

di sease (e.g., extrapolate cancer data to 10°° lifetine risk

and wei ght | oss data to 10-%). The snallest allowable

exposure obtained fromany given health effect could be

sel ected as the standard.

Pro: Accounts for shape of dose-response curve and utilizes
all the experinental data.

"Rewar ds" | arger experinents and those with better
experinmental designs (if confidence intervals are
used).

More objective than safety factor approach.

I s not strongly dependent upon choice for mathematical nodel.

Con: Choice of extrapolation nodel is judgnental.
Has greater data requirenents than Option |.

Marginally nore costly to inplenent than Option 1.

Use mat hematical nodels to estinmate dose corresponding to 10°
or sone other level in the "observable range”, and apply a
safety factor reflecting the severity of the health

i npai rment and possibly the nature and extent of the data.

Pro: Accounts for shape of dose-response curve and utilizes
all the experinental data.

"Rewar ds" | arger experinents and those with better
experinmental designs (if confidence intervals are
used) .

More objective than safety factor approach.

I s not strongly dependent upon choice for mathematical nodel.

Con: Choice for safety factor is |arge judgnental

Has greater data requirenents than Option 1

Marginally nore costly to inplenment than Option 1
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1. Reproduced from USEPA " Approaches to R sk Assessnent for
Mul ti pl e Chem cal Exposures”. March 1984. EPA-600/9-84-008,
pages 76-77.
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